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abstract
Q u i t e  a p a r t  f rom  i t s  e f f e c t  on t h e  t r a n s f e r  a r e a ,  
a know ledge  o f  f r o t h i n g  i n  d i s t i l l a t i o n  i s  o f  im p o r t a n c e  . 
i n  d e c i d i n g  d e s i g n  f e a t u r e s  su c h  a s  t r a y  s p a c i n g  and down­
comer s i z e .
A two t r a y  s i e v e  p l a t e  column was t h e r e f o r e  b u i l t  t o  
v/ork w i th  t h e  sy s te m s  a i r / w a t e r ,  a i r / g l y c e r i n e - v / a t e r  and 
a i r / g l y c e r i n e - w a t e r - s o d i u m  l a u r y l  s u l p h a t e .  The downcomers 
were e x t e r n a l  t o  t h e  column and t r a n s p a r e n t  so t h a t  v i s u a l  
o b s e r v a t i o n s  can  be made.
The dovmcomer f lo w  p a t t e r n s  and th e  e f f e c t  o f  a i r  
r a t e ,  l i q u i d  r a t e ,  s u r f a c e  t e n s i o n ,  and downcomer s i z e  on 
t h e  f r o t h i n g  and a e r a t i o n  i n  t h e  dovmcomer and on th e  p l a t e  
have  b e e n  i n v e s t i g a t e d .  I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  
p r e s e n t  m ethods  o f  dovmcomer d e s i g n  a r e  i n a d e q u a t e ,  and 
t h e  c l a s s i c a l  c o n c e p t  o f  f l o o d i n g  v i z .  " i f  t h e  f r o t h  i n  
t h e  dovmcomer r e a c h e s  t h e  t o p  o f  t h e  w e i r  th e  column would 
f l o o d , "  i s  n o t  t r u e .  New c r i t e r i a  f o r  f l o o d i n g  and down­
comer d e s i g n  have b een  s u g g e s t e d .
1. I n t r o d u c t i o n .
P l a t e  columns i n  which g a s e s  a r e  h u b t i e d  t h r o u g h  l i q u i d s  
a r e  w id e ly  used  i n  c h e m ic a l  i n d u s t r y ,  p a r t i c u l a r l y  i n  d i s ­
t i l l a t i o n .  The c a p a c i t y  o f  a f r a c t i o n a t i n g  column may be 
l i m i t e d  by t h e  maximum q u a n t i t y  o f  l i q u i d  t h a t  ca n  be p a s s e d  
downward o r  by t h e  maximum q u a n t i t y  o f  v a p o u r  t h a t  can  be 
p a s s e d  u p w a r d , p e r  u n i t  t i m e ,  w i t h o u t  u p s e t t i n g  t h e  no rm al  
f u n c t i o n i n g  o f  t h e  column. These maximum q u a n t i t i e s  o f  l i q u i d  
and v ap o u r  a r e  i n t e r - d e p e n d e n t .  The column i s  s a i d  t o  
* f l o o d ’ when t h e  l i q u i d  c a n  n o t  f lo w  down t h e  column c o u n t e r -  
c u r r e n t  t o  t h e  upward f 1 ow o f  v a p o u r .
F l o o d i n g  i n  a p e r f o r a t e d  p l a t e  o r  b u b b le  cap p l a t e  
c a n  r e s u l t  f rom  s e v e r a l  c a u s e s  ( M c A l l i s t e r  e t  a l . ^ ^ ) .
(1 )  The l i q u i d  i n  t h e  dovmcomer r e a c h i n g  t h e  t o p  o f  
t h e  w e i r .
(2 )  E x p a n s i o n  o f  t h e  f r o t h  i n t o  t h e  t r a y  a b o v e .
(3 )  S p l a s h i n g  o f  t h e  l i q u i d  i n t o  t h e  t r a y  above due
t o  o s c i l l a t i o n s .
(4 )  C a r ry  o v e r  o f  t h e  l i q u i d  on th e  t r a y  a s  e n t r a it iment .
(5 )  P e r h a p s  o t h e r  p o s s i b i l i t i e s .
The d e s i g n  and o p e r a t i o n  o f  d i s t i l l a t i o n  columns i s  
c o m p l i c a t e d  and made u n c e r t a i n  due t o  p o s s i b l e  i n c i d e n c e  
o f  f r o t h i n g .  There  i s  e v i d e n c e  t h a t  a l t h o u g h  p u re  com ponents
— 1 —
do n o t  p ro d u c e  f r o t h ,  l a i x t u r e s  o f  l i q u i d s  o f  w id e ly  d i f ­
f e r e n t  s u r f a c e  t e n s i o n  f r o t h  r e a d i l y .
T h ere  i s  an  e x t e n s i v e  l i t e r a t u r e  on th e  f o r m a t i o n ,  
and t h e  f a c t o r s  a f f e c t i n g  th e  s t a b i l i t y  o f  r e l a t i v e l y  
l o n g - l i v e d  foams (B ike rm an  ^ 5 ) .  However,  v e r y  l i t t l e  
work h a s  b e e n  p u b l i s h e d  on th e  f o r m a t i o n  o f  s h o r t  l i f e  f r o t h s  
s u c h  a s  a r e  formed when a g a s  o r  v a p o u r  i s  b u b b l i n g  t h r o u g h  
a l i q u i d .  The l i f e  o f  an  i n d i v i d u a l  b u b b le  on a  s i e v e  o r  
a b u b b l e - c a p  p l a t e  i s  v e ry  s h o r t ,  b e i n g  o n ly  o f  t h e  o r d e r  
o f  0 . 2  s e c o n d s .  The p e r i o d  d u r i n g  which  t h i s  b u b b le  i s  
b e i n g  formed i s  ev e n  l e s s ,  b e in g  o f  t h e  o r d e r  o f  0 . 0 5  
seco n d  s .
Z u ide rw eg  and Harmen have d e m o n s t r a t e d  th e  con ­
s i d e r a b l e  i n f l u e n c e  o f  g a s / l i q u i d  mass t r a n s f e r  on t h e
2hf r o t h i n g  t e n d e n c i e s  o f  l i q u i d s .  Mr. Andrews ^ h a s  
s u g g e s t e d  t h a t  i n  t h e  a b s e n c e  o f  mass t r a n s f e r ,  t h e  dynamic 
r i s e  i n  s u r f a c e  t e n s i o n  o f  a two component l i q u i d  i s  t h e  
p r i n c i p a l  f o r c e  s t a b i l i s i n g  t h e  f r o t h .
Q u i t e  a p a r t  f rom  i t s  e f f e c t  on t r a n s f e r  a r e a  and hence  
t h e  e f f i c i e n c y ,  t h e  knowledge o f  f r o t h i n g  i s  o f  im p o r ta n c e  
i n  d e c i d i n g  d e s i g n  f e a t u r e s  su c h  a s  t r a y  s p a c i n g  and down­
comer s i z e .  F r o t h i n g  o c c u r r i n g  i n  a b s e n c e  o f  a d e q u a t e  
t r a y  s p a c i n g  o r  downcomer s i z e ,  would ’ f l o o d ’ t h e  column.
P r e s e n t  m e thods  o f  downcomer d e s i g n  a r e  e s s e n t i a l l y  
e m p i r i c a l ,  üs  t h e  e x t e n t  o f  f r o t h i n g  i n  t h e  downcomer
-  2 -
c a n n o t  be a n t i c i p a t e d ,  i t  i s  u s u a l l y  a l lo w e d  f o r  i n  t h e  
d e s i g n  by th e  i n c l u s i o n  o f  a l a r g e  f a c t o r  o f  s a f e t y .  As  
y e t  t h e r e  i s  no s a t i s f a c t o r y  method of  p r e d i c t i n g  t h e  
d e p t h  o f  f r o t h  i n  a downcomer.
The coluran may f l o o d  due t o  ’ o s c i l l a t i o n s ’ o f  th e  
l i q u i d - v a p o u r  mass on th e  p l a t e .  At c e r t a i n  v e l o c i t i e s  
o f  f l o w  o f  l i q u i d  and v a p o u r  i n  a b u b b l e - c a p  o r  s i e v e  
p l a t e ,  t h e  f r o t h  and l i q u i d  mass on th e  t r a y  w i l l  o s c i l l a t e  
i n  a d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  f l o w  o f  th e  l i q u i d  ; 
t h a t  i s ,  i f  t h e  n e t  f lo w  o f  t h e  l i q u i d  i s  f rom  r i g h t  t o  
l e f t ,  t h e  o s c i l l a t i o n s  would be e s t a b l i s h e d  f rom  f r o n t  
t o  b a c k .  T h i s  s p l a s h i n g  o f  l i q u i d  f rom  f r o n t  t o  b a c k  can 
become so v i o l e n t  t h a t  l i q u i d  f rom  one t r a y  ca n  be th row n 
up i n t o  t h e  t r a y  ab ove .  T h is  would r e s u l t  i n  p a r t i a l  
f l o o d i n g .
As y e t  i t  h a s  n o t  b een  p o s s i b l e  t o  p r e d i c t  t h e  con­
d i t i o n s  which i n i t i a t e  t h e  o s c i l l a t i o n s .  P re su m a b ly  t h e  
t r a y  d i m e n s i o n s ,  t h e  r e l a t i v e  vap o u r  and l i q u i d  v e l o c i t i e s  
( o r  F f a c t o r s ) ,  and p o s s i b l y  some o f  th e  p h y s i c a l  p r o p e r t i e s  
o f  t h e  f l u i d s ,  would be  among t h e  v a r i a b l e s  e x p e c te d  t o  
d e t e r m i n e  when th e  p u l s a t i o n  would b e g i n .
Thus t o  d e t e r m in e  t h e  o p e r a t i n g  r a n g e  o f  a b u b b l e - c a p  
o r  s i e v e  p l a t e  d i s t i l l a t i o n  column, q u a n t i t a t i v e  p r e d i c t i o n  
o f  f r o t h i n g  on th e  p l a t e  and i n  t h e  downcomer, and
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p r e d i c t i o n s  o f  t h e  c o n d i t i o n s  u n d e r  which  o s c i l l a t i o n s  
would he i n i t i a t e d  a r e  n e c e s s a r y .  I n  t h e  p r e s e n t  work an  
a t t e m p t  h a s  been  made t o  e x p l o r e  downcomer f lo w  p a t t e r n s ,  
f r o t h i n g  and a e r a t i o n  i n  a downcomer, and o s c i l l a t i o n s  on 
t h e  p l a t e  a s  a f u n c t i o n  o f  v a p o u r  and l i q u i d  r a t e s  and th e  
p h y s i c a l  p r o p e r t i e s  o f  t h e  sy s tem .  No a t t e m p t  h a s  b e e n  
made t o  i n v e s t i g a t e  t h e  mechanism o f  f r o t h  f o r m a t i o n  and 
f a c t o r s  a f f e c t i n g  th e  s t a b i l i t y  o f  f r o t h  a s  i t  i s  t o o  
c o m p re h e n s iv e  f o r  an  i s o l a t e d  r e s e a r c h  i n v e s t i g a t i o n .
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2. L i t e r a t u r e  S u rvey  
L i t e r a t u r e  S u rv e y  wi11 be d i v i d e d  i n t o  two s e c t i o n s :
( a )  Lowncomer (b )  T ra y .
2 ( a )  Lov/nco rn e r .
C i r c u l a r  p i p e s  used  t o  be a common form  o f  downcomer. 
Hov/ever, t h i s  ty p e  o f  downcomer p r o v i d e s  a v e r y  low down- 
f 1 ow a r e a ,  and r e l a t i v e l y  p o o r  v a p o u r  d i s e n g a g i n g  s p a c e .
The l i q u i d  head l o s s  t h r o u g h  t h e  downcomer i s  h i g h ,  and 
v a p o u r  d i s e n g a g e m e n t  i s  p o o r .  These  f a c t o r s  c o n s t i t u t e  a 
b o t t l e  n e c k  i n  o b t a i n i n g  maximum column c a p a c i t y .  F o r  
t h e s e  r e a s o n s  c i r c u l a r  downcomers a r e  c o n s i d e r e d  i n e f f i c i e n t  
and have  b e e n  r e p l a c e d  e x t e n s i v e l y  by s e g m e n ta l  downcomers .
I n  s e g m e n ta l  downcomers t h e  downflow b a f f l e  c o n s t i t u t e s  
t h e  i n t e r n a l  w a l l  o f  t h e  s e g m e n ta l  downcomer. Sometimes 
t h i s  b a f f l e  i s  i n c l i n e d  so t h a t  th e  b o t to m  i s  c l o s e r  t o  
t h e  column w a l l  t h a n  t h e  t o p ,  i n  o r d e r  t o  i n c r e a s e  th e
1 pb u b b l i n g  a r e a .  B o l l e s  and Huang & Hodson^,  have recom­
mended a v e r t i c a l  b a f f l e  b e a a u s e  o f  th e  lo w e r  c o s t .  A l s o  
t h e  i n c l i n e d  b a f f l e  t e n d s  t o  r e s t r i c t  t h e  v a p o u r  d i s e n g a g i n g  
c a p a c i t y  a t  t h e  b o t to m  and th e  a d d i t i o n a l  b u b b l i n g  a r e a  
p r o v i d e d  i s  v e r y  s m a l l .  B o l l e s ^  h a s  a l s o  recommended t h a t  
t r a y  s u p p o r t  r i n g s  s h o u ld  n o t  be e x t e n d e d  t h r o u g h  th e  
downcomer i n  o r d e r  t o  e n s u r e  t h e  maximum downflow c a p a c i t y .
D im en s io n s  o f  th e  downcomer a r e  based  on t h e  f o l l o w i n g  
f a c t o r s :
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(1 )  T ra y  s p a c i n g  and c l e a r  l i q u i d  h e i g h t  i n  t h e  
downcomer
( 2 ) R e s id e n c e  t im e  o f  t h e  l i q u i d  i n  t h e  downcomer 
a n d / o r  t h e  v e l o c i t y  o f  l i q u i d  i n  t h e  downcomer
( 3 ) L i q u id  th row  o v e r  t h e  w e i r .
T ra y  s u a c i n g .
B o l l e s ^  h a s  d i s c u s s e d  s e v e r a l  m e c h a n i c a l  f a c t o r s  su c h  
a s  manways which may d e c id e  t h e  t r a y  s p a c i n g .  However,
f ro m  a h y d r a u l i c  p o i n t  o f  v iew ,  t r a y s  sh o u ld  be spaced
f a r  enough  a p a r t  t o  p r e v e n t  e x c e s s i v e  e n t r a i n m e n t  and 
f l o o d i n g .  I f  t r a y s  a r e  n o t  s u f f i c i e n t l y  f a r  a p a r t  f l o o d i n g  
c a n  o c c u r  i n  two ways:
( 1 ) By f r o t h  h e i g h t  r e a c h i n g  t h e  p l a t e  ab o v e .
( 2 ) By l i q u i d  i n  t h e  downcomer f i l l i n g  up t h e  down­
f l o w  Up t o  t h e  t o p  o f  t h e  w e i r .
F i r s t  t y p e  o f  f l o o d i n g  h a s  b e e n  r e p o r t e d  i n  an
A . I . C h . E .  r e p o r t ^ ^ .  When t h e  f r o t h  h e i g h t  becomes e q u a l  
t o  th e  t r a y  s p a c i n g ,  t h e  l i q u i d  c a r r y o v e r  t o  t h e  t r a y  
above becomes e x c e s s i v e ,  g a s  p r e s s u r e  d rop  i n  t h e  r i s e r s  
i n c r e a s e s  a p p r e c i a b l y ,  l i q u i d  b a c k s  up i n  t h e  d o w n p ip es ,  
n o rm a l  l i q u i d  f l o w  down th e  column c e a s e s  and th e  r e b o i l e r  
s y s t e m  becomes d r y .
I n  t h e  second  ty p e  o f  f l o o d i n g ,  when th e  l i q u i d  i n  t h e  
downcomer r e a c h e s  t h e  to p  of  t h e  w e i r ,  any  f u r t h e r  i n c r e a s e  
i n  t h e  l i q u i d  r a t e  o r  v a p o u r  r a t e  w i l l  i n c r e a s e  t h e  p r e s s u r e
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d r o p  t h r o u g h  t h e  p l a t e .  T h i s  would c a u se  t h e  l i q u i d  t o
h a c k  up i n  t h e  downcomer, t h e r e b y  i n c r e a s i n g  th e  l i q u i d
h e i g h t  on t h e  p l a t e .  T h i s  i n c r e a s e s  t h e  p r e s s u r e  d r o p ,
and c a u s e s  more l i q u i d  t o  b a c k  up f rom  one t r y  t o  a n o t h e r ,
e v e n t u a l l y  e n t i r e l y  f i l l i n g  the: column w i th  t h e  l i q u i d .
Thus t o  av o id  f l o o d i n g ,  l i q u i d  h e i g h t  i n  t h e  downcomer
s h o u ld  n o t  r e a c h  t h e  t o p  o f  t h e  w e i r .
2 ( a ) 2 L i q u i d  h e i g h t  i n  th e  downcomer.
The l i q u i d  h e i g h t  i n  th e  downcomer i n  t e rm s  o f
c l e a r  l i q u i d  can  be c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  e q u a t i o n :
hg = h% 4- h^ + h(j[ -----( 2 . 1 ) (Huang &
hq = c l e a r  l i q u i d  h e i g h t  on t r a y  i n s .  H odso^  )
= + h^-^------------------------------------------- -----( 2 . 2 )
bv; = v /e i r  h e i g h t  i n s .
hgy;z= l i q u i d  h e i g h t  o v e r  w e i r  i n c h e s  l i q u i d .  F r a n c i s  
f o r m u l a  h a s  b e e n  e x t e n s i v e l y  used  t o  c a l c u l a t e  h^^
A
bow-
2 . 98  Lw
 ( 2 . 3 ) (Huang & Hodson )
Q = l i q u i d  f lov /  r a t e  g .p .m .
L^ .. = w e i r  l e n g t h  i n c h e s .
h-b = t o t a l  p r e s s u r e  d rop  t h r o u g h  th e  l i q u i d  i n c h e s
h = l i q u i d  h ead  l o s s  t h r o u g h  th e  downcomer.
,2
= 0 . 0 3
 (^.4 ) ( G i c a l e s e ^ )100
A., i n  s q u a re  f e e t  i s  e i t h e r  t h e  dovmcomer a r e a  or  t h e  
downcomer c l e a r a n c e  a r e a ,  which e v e r  i s  s m a l l e r .
The above e q u a t i o n  p r o v i d e s  a method o f  c a l c u l a t i n g
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t h e  h e i g h t  o f  l i q u i d  i n  t h e  downcomer. However,  i t  a p p l i e s  
o n ly  t o  t h e  h e i g h t  o f  " c l e a r  l i q u i d . "  ^ i c t u a l l y  t h e  f l u i d  
i n  t h e  downcomer i s  i n  a n  a e r a t e d  s t a t e ,  and i s  to p p e d  w i th  
f r o t h .  Because o f  t h i s  e n t r a i n e d  v a p o u r ,  t h e  l e v e l  o f  
t h e  f l u i d  i n  th e  downcomer w i l l  he  h i g h e r  t h a n  t h a t  c a l c u ­
l a t e d  by t h e  above e q u a t i o n .
S e v e r a l  w r i t e r s  l i k e  Huang & H odson^,  B o l l e s ^ ,  E i r k b r i d e ^ ,  
D a v i s ^ ,  L e ib s o n ^ ,  Hugmark & O’C o n n e l^ ,  R o b in so n  & G i l l i l a n d ^ ,  
a r e  o f  t h e  o p i n i o n  t h a t  i f  th e  a e r a t e d  l i q u i d  i n  th e  dovm­
comer r e a c h e d  t h e  to p  o f  t h e  o u t l e t  w e i r ,  t h e  column would 
f l o o d .  Hence i t  i s  n e c e s s a r y  t o  make a l lo w a n c e  f o r  f r o t h  
and a e r a t i o n ,  .an e s t i m a t i o n  o f  t h e  e x a c t  f r o t h  h e i g h t  i n  
t h e  downcomer r e q u i r e s  a r e l i a b l e  v a lu e  o f  th e  a v e ra g e  den­
s i t y  o f  t h e  f r o t h e d  l i q u i d . S c h u l t ^  p r o p o s e s  a l a b o r a t o r y  
t e s t  t o  d e t e r m i n e  t h e  d e g r e e  o f  f r o t h i n g .  U n f o r t u n a t e l y  
t h e r e  i s  no p u b l i s h e d  d a t a  on t h e  amount o f  f r o t h  t h a t  c a n  
be e x p e c t e d .  Hence t h e  d e g r e e  o f  a e r a t i o n  c a n n o t  be e s t i ­
m ated  a t  t h e  p r e s e n t  t im e .  K i r k b r i d e ^  h a s  w r i t t e n  t h a t  
w i t h  w e l l  d e s ig n e d  t r a y s ,  t h e  c a l c u l a t e d  l i q u i d  back-iup 
w i l l  r e a c h  60 t o  80L o f  t h e  t r a y  s p a c i n g  b e f o r e  f l o o d i n g  
i s  e n c o u n t e r e d .  He t h r e f o r e  recommends t h a t  t r a y s  be d e s i g n e d  
f o r  maximum h e i g h t  o f  c l e a r  l i q u i d  t o  be 50L o f  t r a y  s p a c i n g . 
S i m i l a r l y  B a v i s ^ ,  L e i b s o n ^ ,  R o b in so n  and G i l l i l a n d ^  have 
recommended t h a t  h e i g h t  o f  c l e a r  l i q u i d  be l i m i t e d  t o  50L 
o f  t h e  t r a y  s p a c i n g .
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B o l l e s ^ ,  Huang & Hodson^,  and Hughniark & O’Connel"^ 
have  a l s o  recommended t h a t  t h e  maximum d e s i g n  l i m i t  o f  50L 
must  be u s e d , b u t  t h a t  i t  sh o u ld  a p p ly  t o  t h e  t o t a l  down­
f lo w  C a p a c i t y  which i s  e q u a l  t o  t r a y  s p a c i n g  p l u s  t h e  w e i r  
h e i g h t .  Thus
= i  ( s  + V ,)
8 = t r a y  s p a c i n g  i n c h e s  
h^y = w e i r  h e i g h t  i n c h e s .
T h i s  assum es  t h a t  a v e r a g e  a e r a t i o n  f a c t o r  o f  t h e  f r o t h e d  
l i q u i d  i n  t h e  downcomer i s  0 .5*  A e r a t i o n  f a c t o r  i s  d e f i n e d  
a s  t h e  r a t i o  o f  t h e  d e n s i t y  o f  t h e  a e r a t e d  l i q u i d  t o  t h a t  
o f  u n a e r a t e d  l i q u i d .
2 ( a ) 3 V e l o c i t y  o f  l i q u i d  i n  t h e  downcomer.
The c r o s s - s e c t i o n a l  a r e a  o f  t h e  downcomer c a n  be 
c a l c u l a t e d  on t h e  b a s i s  o f  t h e  a l l o w a b l e  v e l o c i t y  of  
l i q u i d  i n  t h e  downcomer.
Hughmark & o ’C o n n e l^  have recommended t h a t  t h e  down­
comer s h o u ld  be so s i z e d  t h a t  t h e  l i q u i d  v e l o c i t y  i s  a b o u t  
0 . 3  f t . / s e c .  f o r  n o n - fo a m in g  l i q u i d s .  I f  t h e  l i q u i d  foam s 
( s u c h  a s  a b s o r b e r  o i l )  t h e n  t h e  l i q u i d  v e l o c i t y  may have  
t o  be a s  low a s  0 . 1  f t . / s e c .
L e i b s o n  e t  a l . ^ have recommended t h a t  downcomer i n l e t  
v e l o c i t y  b a s e d  on v ap o u r  f r e e  l i q u i d  shou ld  n o r m a l l y  n o t  
e x c e e d  0 . 4  f t . / s e c .  t o  e n s u re  a d e q u a te  a r e a  f o r  v a p o u r  
d i s e n g a g e m e n t .
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2 ( a ) 4  R e s id e n c e  t im e  i n  t h e  dov/ncomer
I f  t h e  r e s i d e n c e  t im e o f  t h e  l i q u i d  i n  t h e  dovmcomer 
i s  s u f f i c i e n t l y  lo n g ,  most o f  t h e  e n t r a i n e d  v a p o u r  w i l l  
e s c a p e .  R e s id e n c e  t im e  i s  based  on th e  a v e ra g e  c r o s s -  
s e c t i o n a l  a r e a  t i m e s  th e  t r a y  s p a c i n g .
o
D a v is  i n  h i s  s tu d y  o f  p r im in g  to w e r s  found  t h a t  
maximum r e s i d e n c e  t im e  o f  any o f  t h e  t o w e r s  p r im in g  was 
f o u r  s e c o n d s .  He t h e r e f o r e  recommended t h a t  a minimum
r e s i d e n c e  t im e  o f  5 se co n d s  be m ain tc^ ined .  Based on
1 2 t h i s  B o l l e s  and Huang & Hod so n  have recommended t h a t
minimum r e s i d e n c e  t im e  o f  t h e  l i q u i d  i n  t h e  downcomer be
5 s e c o n d s .
S in c e  t h e  t r a y  s p a c i n g  i s  c a l c u l a t e d  on t h e  b a s i s  o f  
a l l o w a b l e  c l e a r  l i q u i d  h e i g h t  i n  th e  downcomer, t h e  c r o s s -  
s e c t i o n  a r e a  c a n  be c a l c u l a t e d  on t h e  b a s i s  o f  minimum 
r e s i d e n c e  t im e .
L i q u i d  th ro w  over  t h e  w e i r
Due t o  t h e  a p p r o a c h  v e l o c i t y  o f  t h e  l i q u i d ,  a t  h i g h  
l i q u i d  r a t e  t h e  l i q u i d  would o v e r  sh o o t  t h e  w e i r  and c a r r y  
p a s t  t h e  dam a c o n s i d e r a b l e  d i s t a n c e .
I f  t h e  l i q u i d  th ro w  o v er  t h e  w e i r  r e a c h e d  t h e  to w er  
w a l l ,  t h e  d i s e n g a g i n g  vapour  i n  t h e  downcomer w i l l  n o t  
have  a pa th w ay  t o  t h e  t r a y  a b o v e .  B o l l e s ^  and Huang & 
H odson^ have t h e r e f o r e  recommended t h e  f o l l o w i n g  l i m i t a t i o n .
* 2  X 0 . 6
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w^ = Dov/ncomer v / id th
W2 = L i q u i d  th ro w  over  t h e  w e i r
From th e  l i t e r a t u r e  s u r v e y  on th e  d e s i g n  o f  t h e  
dov/ncomer, i t  becomes o b v io u s  t h a t  t h e  p r e s e n t  m e thods  
a r e  e s s e n t i a l l y  e m p i r i c a l .  T h ere  i s  a g l a r i n g  gap 
i n  t h e  b u b b l e - c a p  and s i e v e  t r a y  t e c h n o l o g y  w i th  r e g a r d  
t o  t h e  q u a n t i t i v e  p r e d i c t i o n  o f  f r o t h i n g  i n  t h e  downcomer 
I t  i s  c a t e r e d  f o r ,  i n  t h e  d e s i g n ,  by a l a r g e  f a c t o r  o f  
s a f e t y .
2 (b )  T r a y .
2 ( b ) l  O s c i l l a t i o n  on t h e  T r a y .
A t  c e r t a i n  v e l o c i t i e s  o f  f lo w  o f  l i q u i d  and v a p o u r  
i n  a b u b b l e - c a p  and s i e v e  t r a y ,  i t  h a s  b e e n  n o t i c e d  t h a t  
t h e  f r o t h  and l i q u i d  mass on th e  t r a y  o s c i l l a t e s  i n  a 
d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  f lo w  o f  t h e  l i q u i d ;  t h a t  
i s ,  i f  t h e  n e t  l i q u i d  f lov/ i s  f rom  r i g h t  t o  l e f t ,  t h e  
o s c i l l a t i o n s  would be e s t a b l i s h e d  from  f r o n t  t o  b a c k .
T hese  o s c i l l a t i o n s  v/ere shov/n by F l a n k t o  d e c r e a s e  
t h e  number o f  v /e l l  mixed p o o l s  e x i s t i n g  on th e  t r a y .
A w e l l  mixed p l a t e  ( u n i t  w e l l  mixed p o o l s )  i m p l i e s  b a c k  
m ix in g  f rom  t h e  l i q u i d  o u t l e t  t o  the  l i q u i d  i n l e t  s i d e s  
o f  t h e  t r a y .  S in c e  o s c i l l a t i o n s  a r e  p e r p e n d i c u l a r  t o  
s u c h  a p a t h ,  t h e y  t e n d  t o  d e c r e a s e  b ack  m ix ing  and t h i s  
r e s u l t s  i n  a c l o s e r  a p p ro a c h  t o  an  unmi>ed p l a t e .  Such 
c o n d i t i o n s  i n c r e a s e  t h e  o v e r a l l  p l a t e  e f f i c i e n c y .
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O p e r a t i o n  o f  a d i s t i l l a t i o n  to w er  i n  t h e  p u l s a t i n g  
r e g i o n ,  h o w e v e r , p r e s e n t s  c e r t a i n  h y d r a u l i c  p ro b le m s .
The s p l a s h i n g  o f  l i q u i d  f rom  f r o n t  to  b ac k  can  become so 
v i o l e n t  t h a t  l i q u i d  f rom  one p l a t e  can be th row n  up i n t o  
t h e  t r a y  ab o v e .  T h i s  would r e s u l t  i n  p a r t i a l  f l o o d i n g .
T h i s  c o u ld  happen  lo n g  b e f o r e  norm al  f l o o d i n g  i s  e x p e c t e d .  
M c A l l i s t e r  e t  a l . H  found  t h a t  s p l a s h i n g  was q u i t e  o f t e n  
v i g o r o u s  enough t o  c a r r y  l i q u i d  up i n t o  t h e  t r a y  above 
even  th o u g h  on  a v e r a g e  f r o t h  h e i g h t  o f  ^ t o  3  t r a y  s p a c in g  
Was o b s e r v e d .
M c A l l i s t e r  and P l a n k ^  found t h a t  v a p o u r  v e l o c i t y  
a t  which  p u l s a t i o n s  b e g a n  was w e l l  d e f i n e d ,  and f u r t h e r  
i n c r e a s e  i n  i t  o n ly  i n c r e a s e d  t h e  a m p l i t u d e  o f  t h e  wave. 
They found  t h a t  p u l s a t i o n s  o c c u r r e d  i n  c o n j u n c t i o n  w i th  
a h i g h  Fy f a c t o r  (Fy  = 1 . 3 ) .  F^  = Uy where
Uy = s u p e r f i c i a l  l i n e a r  vapour  v e l o c i t y  b a s e d  on a c t i v e  
t r a y  a r e a  f t . / s e c . / s q . f t .  ^  = d e n s i t y  o f  t h e  v a p o u r .
F o s s  and G e r s t e r ^ ^  found  t h a t  a t  low l i q u i d  h o ld  up ,  
g a s  v e l o c i t i e s  o f  6 5 - 7 0  f t . / s e c .  p ro d u ced  o s c i l l a t i o n s  
on a l l  t r a y s  e x c e p t  t h e  4L f r e e  a r e a  t r a y .  F r e e  a r e a  i s  
d e f i n e d  a s  a r a t i o  o f  t o t a l  h o l e  a r e a  t o  t h e  t o t a l  a r e a  o f  
t h e  t r a y .
P r i n c e ^ ^  h a s  r e p o r t e d  t h a t  marked o s c i l l a t i o n s  
a p p e a r e d  on some p l a t e s  when th e  g as  h o l e  v e l o c i t i e s  exceed  
t w i c e  t h e  g r a p h i c a l  weep p o i n t .  At th e  weep p o i n t  l i q u i d  
c e a s e s  t o  weep i . e .  f a l l  t h r o u g h  th e  p e r f o r a t i o n s ,  g as
» .  . -  — 1 2  *r- >- . » . .
f l o w s  t h r o u g h  a l l  t h e  h o l e s ,  and a f u r t h e r  inorcRRe t n  
g a s  r a t e  i n v o l v e s  h i g h e r  v e l o c i t i e s  t h r o u g h  t h e  h o l e s ,  
and hence  an  i n c r e a s e  i n  p r e s s u r e  d ro p .  Hence t h i s  weep 
p o i n t  c a n  be d e t e r m in e d  from  th e  p l o t  o f  g a s  v e l o c i t y  
a g a i n s t  p r e s s u r e  d r o p .  The weep p o i n t  so d e te rm in e d  i s  
c a l l e d  g r a p h i c a l  weep p o i n t .  F o r  t h e  a i r - w a t e r  sy s tem ,  
P r i n c e ^ ^  found  t h a t  t h e  v a l u e s  o f  g r a p h i c a l  v/eep p o i n t  
v a r i e d  f ro m  29  t o  32 f t . / s e c .  gas  h o le  v e l o c i t y .
I n  t h e  s t u d y  o f  p e r f o r a t e d  p l a t e  p e r f o r m a n c e ,  M c A l l i s t e r  
e t  a l . f ound t h a t  t h e  o s c i l l a t i o n  p o i n t  was c o i n c i d e n t a l  
w i t h  t h e  weep p o i n t  f o r  p l a t e  t h i c k n e s s  of  1 /1 6 "  and 
g r e a t e r .  F o r  t h i s  p l a t e s  0 .0 2 9 "  t h i c k ,  t h e  o s c i l l a t i o n  
p o i n t  was a t  a g a s  v e l o c i t y  much h i g h e r  t h a n  th e  weep 
p o i n t .  The o s c i l l a t i o n  p o i n t  h e r e  r e f e r s  t o  th e  minimum 
g a s  v e l o c i t y  a t  which  th e  o s c i l l a t i o n s  a r e  s u s t a i n e d  f o r  
a g i v e n  l i q u i d  f l o w  r a t e .
M c A l l i s t e r  & P l a n k ^ ^  have r e p o r t e d  t h a t  o s c i l l a t i o n s  
have  n o t  b e e n  o b se rv e d  a t  low m a s s -v a p o u r  r a t e s  
(G = 700 l b s . / h r . / s q . f t .  ) i n  e i t h e r  t h e  s i e v e  tizy o r  t h e  
b u b b l e - c a p  t r a y .  A l s o  t h e y  n o te d  t h a t  o s c i l l a t i o n s  
o c c u r r e d  a t  lo w er  mass r a t e  i n  ca se  o f  b u b b l e - c a p  to w e r s  
t h a n  v / i th  s i e v e  t r a y ,  p o s s i b l y  b e c a u s e  o f  t h e  p a r t i c u l a r  
t r a y s  u s e d .
M c A l l i s t e r  e t  a l . ^ ^  have g i v e n  a n  o s c i l l a t i n g  
p o i n t  c o r r e l a t i o n .  The mass f lo w  r a t e  G l b s .  a i r / h r . / s q . f t .
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o f  co lum n uvetx a t  ,.,hich o e c i l l a t x o n  b e g i n  i s  shown t o  be 
a  l i n e a r  f u n c t i o n  o f  t h e  c l e a r  l i q u i d  h e i g h t .  The m uss-  
f lo w  r a t e  o f  t h e  v a p o u r  a t  which o s c i l l a t i o n s  b e g i n ,  d e ­
c r e a s e s  a s  t h e  c l e a r  l i q u i d  h e i g h t  on t h e  t r a y  I n c r e a s e s .
1 p
k c A l l i s t e r  and P l a n k  found th e  f r e q u e n c y  o f
o s c i l l a t i o n s  t o  he r e g u l a r  and r e p r o d u c i b l e ,  and t o
be a f u n c t i o n  o f  t h e  v ap o u r  and l i q u i d  f lo w  r a t e s .
F r e q u e n c y  i s  g i v e n  by th e  f o l l o w i n g  e q u a t i o n :
F, / S ~
- 2 . 5
f  .= f r e q u e n c y  o f  o s c i l l a t i o n  i n  c y c l e s / s e c .
K = p r o p o r t i o n a l i t y  c o n s t a n t  = 2 .5  -  0 . 2  
c = v e l o c i t y  of  sound i n  t h e  f l u i d  f t . / s e c .
= b u b b l e - c a p  s l o t  a r e a  o r  h o l e  a r e a  ( s i e v e  t r a y )  p e r  
p l a t e  s q .  f t .
1  ^= l e n g t h  o f  t h e  s y s t e m  ( a )  s i e v e  column: l e n g t h  o f
tov /e r  p l u s  l e n g t h  o f  p i p e  p l u s  tw ic e  t h e  c i r c u m f e r e n c e
o f  t h e  b l o w e r ;  (b )  b u b b l e - c a p  coluian: l e n g t h  o f  r e b o i l e r
t o  l i q u i d  l e v e l  p l u s  l e n g t h  o f  p i p i n g  ( c o n t a i n i n g  v a p o u r )
p l u s  to w e r  l e n g t h  p l u s  l e n g t h  o f  c o n d e n s o r .
V-v = t o t a l  volume o f  d i s t i l l a t i o n  to w e r  p l u s  volume o f  i
v a p o u r  p i p i n g  i n c l u d i n g  c o n d e n s o r  and r e b o i l e r  c u b ic  f e e t .
Pv =
= l i n e a r  vap o u r  v e l o c i t y  based  on th e  a c t i v e  a r e a  
= d e n s i t y  o f  v a p o u r
' ' l =
Uj, = a v e r a g e  l i q u i d  v e l o c i t y  f t  . / s e c .  ( b a s e d  on t h e
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c l e a r  l i q u i d  h e i g h t  on th e  t r a y )
= d e n s i t y  o f  l i q u i d .
As y e t  i t  h a s  n o t  been  p o s s i b l e  t o  p r e d i c t  u n d e r  
what c o n d i t i o n s  t h e  o s c i l l a t i o n s  would be i n i t i a t e d .  
P r e s u m a b l e  t h e  t r a y  d im e n s io n s ,  th e  r e l a t i v e  l i q u i d  and 
v a p o u r  F f a c t o r s  and p o s s i b l y  some o f  t h e  p h y s i c a l  
p r o p e r t i e s  o f  t h e  f l u i d s  would be among t h e  v a r i a b l e s  
e x p e c t e d  t o  d e t e r m in e  when t h e  p u l s a t i o n s  would b e g i n .  
2 ( b ) 2 F r o t h  h e i g h t  on t h e  t r a y
F r o t h i n g  on a p l a t e  i n c r e a s e s  th e  i n t e r f a c i a l  
a r e a  and h en ce  th e  e f f i c i e n c y ,  b u t  i t  c an  cause  h y d r a u l i c  
p r o b l e m s .  I f  th e  f r o t h  h e i g h t  becomes e q u a l  t o  t h e  t r a y  
s p a c i n g  t h e  column would f l o o d .
F o s s  and G e r s t e r ^ ^  have shown t h a t  f r o t h  h e i g h t  i n ­
c r e a s e s  w i th  i n c r e a s e  i n  t o t a l  g a s  r a t e  and l i q u i d  h o ld  
up .  They found  t h a t  f r o t h  h e i g h t  a p p a r e n t l y  ap p ro ac h ed  
a maximum a t  h i g h  g a s  r a t e s .  They found a l s o  t h a t  t h e  
t o t a l  g a s  r a t e  r a t h e r  t h a n  th e  h o l e  v e l o c i t y  t o  .bè. t h e  
f u n d a m e n t a l  o p e r a t i n g  v a r i a b l e .
The A m er ic an  I n s t i t u t e  o f  Chem ica l  E n g i n e e r s ’ r e p o r t  
g i v e s  t h e  f o l l o w i n g  e q u a t i o n  f o r  t h e  c a l c u l a t i o n  o f  
f r o t h  h e i g h t .
= 0 .73w + 3.  24F + 0 .084L  2 . 6
Z^ = f r o t h  h e i g h t  i n c h e s  
W = w e i r  h e i g h t  i n c h e s  = h^ ^
-  15 -
F = p f a c t o r  = U r ^ ^
U = g a s  v e l o c i t y  o u . f t • / ( s e c , )  ( s q u a r e  f e e t  o f  t h e  t r a y  
b u b b l i n g  a r e a )
T r a y  b u b b l i n g  a r e a  = a r e a  b e tw e e n  th e  i n l e t  downpipe and 
o u t l e  t  we i  r .
L = l i q u i d  r a t e  g a l . / ( M i n u t e ) ( F e e t  o f  a v e ra g e  column 
w id th )
= O / f t . o f  a v e r a g e  column w id th .
F r o t h  h e i g h t  i s  t h e  h e i g h t  o f  th e  t o t a l  f l u i d  mass 
on t h e  a e r a t e d  t r a y .
I n  t h i s  r e p o r t  t h e  v a l u e s  o f  f r o t h  h e i g h t  f o r  Acetone- 
Benzene d i s t i l l i n g  s y s te m  a r e  r e p o r t e d  t o  be n e a r l y  th e  
same a s  a i r - w a t e r  and s t e a m - w a te r  sy s tem s  e x c e p t  a t  h i g h  
F f a c t o r s  where f r o t h  h e i g h t s  a r e  somewhat g r e a t e r  l o r  t h e  
o r g a n i c  s y s t e m s .  A ls o  column p r e s s u r e  was found not  t o  
have  any  e f f e c t  on t h e  f r o t h  h e i g h t .
Prince^^^ h a s  g iv e n  a c o r r e l a t i o n  f o r  a f r o t h  h e i g h t .  
I n  t h i s  c o r r e l a t i o n  81/G i s  p l o t t e d  a g a i n s t  Fg/(M./Wj^
Fg = F f a c t o r  b a s e d  on t o t a l  c r o s s  s e c t i o n a l  a r e a  
L / g- = R a t i o  o f  l i q u i d  t o  g a s  f low  by w e ig h t  
8 = w e i r  h e i g h t  + h e i g h t  o f  l i q u i d  c r e s t  o v e r  w eir  
-  h^ -f 
M = f r o t h  h e i g h t  =
Wp = s p e c i f i c  g r a v i t y  o f  l i q u i d
F o r  t h e  p u rp o s e  o f  d e s i g n  P r i n c e h a s  s u g g e s t e d  t h u t
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a l l o w a b l e  f r o t h  h e i g h t  be  two t h i r d s  o f  t h e  p l a t e  s p a c i n g ,  
ix t r i a l  s u p e r f i c i a l  F f a c t o r  can  th e n  be c a l c u l a t e d  from 
t h e  above  c o r r e l a t i o n .  A f t e r  making a c o r r e c t i o n  f o r  
t h e  f r e e  a r e a ,  to w e r  d i a m e t e r  can t h e n  be c a l c u l a t e d .
The work o f  Prince^"^ was l i m i t e d  t o  th e  s t u d y  
o f  f l u i d  d y n am ic s ,  and no d i s t i l l a t i o n  s t u d i e s  were made.
Z u id e rw eg  and Harmens^^ have d e m o n s t r a t e d  th e  
c o n s i d e r a b l e  i n f l u e n c e  o f  g a s / l i q u i d  mass t r a n s f e r  on 
t h e  f r o t h i n g  t e n d e n c y .  They have s u g g e s t e d  t h a t  d i f f e r e n c e  
i n  s u r f a c e  t e n s i o n  r e s u l t i n g  f rom d i f f e r e n c e  i n  com­
p o s i t i o n  o c c a s i o n e d  by t h e  t r ^ i n s f e r  p r o c e s s  a r e  th e  o r i g i n  
o f  t h i s  i n f l u e n c e .  I n  t h e  l i g h t  of  t h i s ,  th e  c o r r e l a t i o n  
o f  P r i n c e ^ ^ ,  a s  w e l l  as  th e  e q u a t i o n  g i v e n  by th e  
A .L A I .C h .E  r e p o r t ^ 7  s u f f e r  f rom  a c o n s i d e r a b l e  l i m i t a t i o n  
and Can o n ly  be t a k e n  as  a g u i d e .  More d e t a i l e d  and c a r e f u l  
v/ork i s  needed  t o  make r e l i a b l e  p r e d i c t i o n  p o s s i b l e .
2 ( b ) 5 A e r a t i o n  and h e i g h t  o f  c l e a r  l i q u i d  on t r a y
H e ig h t  o f  c l e a r  l i q u i d  a t  t h e  o u t l e t  w e i r  can  be 
c a l c u l a t e d  by  t h e  e q u a t i o n  ( 2 . 2 )
h  = h + h 
1 w ow
h..: = w e i r  h e i g h t  i n c h e s  
h^^= c r e s t  o v e r  w e i r  
But s i n c e  t h e  g a s  i s  b u b b l i n g  t h r o u g h  th e  l i q u i d ,  
t h e  l i q u i d  on t h e  t r a y  w i l l  be i n  an  a e r a t e d  s t a t e .  Thus 
t h e  e f f e c t i v e  l i q u i d  head on t h e  p l a t e  i s  n o t  o n ly  a f f e c t e d
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by  t h e  w e i r  h e i g h t  and c r e s t  over  th e  w e i r  b u t  a l s o  by
t h e  d e g r e e  o f  a e r a t i o n  of  th e  l i q u i d  on t h e  p l a t e .
20H u t c h i n s o n  and c o - w o rk e r s  have p o i n t e d  ou t  t h a t  
t h e  p e r f o r m a n c e  o f  b u b b l e - c a p  o r  s i e v e  t r a y  w i th  
r e s p e c t  t o  e f f i c i e n c y ,  p r e s s u r e  d ro p ,  e n t r a i n m e n t  and 
l i q u i d  g r a d i e n t  i s  g o v e rn e d  t o  a l a r g e  e x t e n t  by th e  
e f f e c t i v e  d e p t h  o f  t h e  l i q u i d  above t h e  p l a t e .
Hunt e t  a l .  ^ found  th e  a e r a t i o n  o f  l i q u i d  t o  be f a i r l y  
i n d e p e n d e n t  o f  t h e  g a s  f lo w  r a t e  i n  t h e  s t a b l e  o p e r a t i n g  
r e g i o n .
F o s s  and G e r s t e r ^ ^  found t h a t  e f f e c t i v e  l i q u i d  h e i g h t  
on th e  p l a t e  v a r i e d  f rom  p o i n l  t o  p o i n t .  The a v e ra g e  
v a l u e  d e c r e a s e d  r e g u l a r l y  a s  t h e  g a s  r a t e  was i n c r e a s e d ,  
and o f  c o u r s e  i n c r e a s e d  as  e i t h e r  l i q u i d  r a t e  o r  o u t l e t  
w e i r  h e i g h t  was i n c r e a s e d .  They u se d  th e  h e i g h t  o f  c l e a r  
l i q u i d  i n  c o n j u n c t i o n  w i t h  th e  foam h e i g h t  t o  d e s c r i b e  
t h e  d e g r e e  of  a e r a t i o n .  The r a t i o  o f  e f f e c t i v e  c l e a r  
l i q u i d  d e p t h  t o  f r o t h  h e i g h t  was d e f i n e d  a s  f r o t h  d e n s i t y .  
H ow ever ,  r e l i a b l e  e s t i m a t i o n  o f  f r o t h  d e n s i t y  i s  n o t  
p o s s i b l e  a t  p r e s e n t .
The A . I . G h . E  r e p o r t g i v e s  t h e  f o l l o w i n g  
e q u a t i o n  f o r  t h e  c a l c u l a t i o n  o f  t h e  l i q u i d  ho ld  up on 
t h e  t r a y .
Zc= 0.19W  -  0 . 6 5 ?  + 0 . 0 2 L  + 1 . 6 5  ----- ( 2 . 7 )
Ze= c l e a r  l i q u i d  h o ld  up on th e  t r a y  i n c h e s
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V/ = o u t l e t  w e i r  h e i g h t
P = P f a c t o r  b ^ se d  on t h e  t r a y  b u b b l i n g  a r e a  ( i . e .  a rea -  
b e t  we e n downpipe and o u t l e t  w e i r ) .
L = l i q u i d  r a t e  g a l . / ( M i n . )  ( f e e t  o f  a v e ra g e  column w i d t h ) .
= ( q / f e e t  o f  a v e r a g e  column v /id th .
T h i s  e q u a t i o n  h a s  a s e r i o u s  l i m i t a t i o n  i n  t h e  f a c t
t h a t  i t  d o es  n o t  t a k e  i n t o  a c c o u n t  t h e  i n f l u e n c e  o f  d i f f e r e n t
p h y s i c a l  p r o p e r t i e s  o f  t h e  s y s te m s .  Dynamic s u r f a c e
t e n s i o n  o f  l i q u i d  i s  l i k e l y  t o  have c o n s i d e r a b l e  i n f l u e n c e
on t h e  a e r a t i o n  o f  th e  l i q u i d .
The phenomena o f  a e r a t i o n  i s  l i t t l e  u n d e r s to o d  a t
t h e  moment, and t h e  d e g re e  o f  a e r a t i o n  can  a t  b e s t  be
p r e d i c t e d  o n ly  w i t h i n  -  20/u.
2(b )U  Dry P re ssu re -  d rop  i n  a s i e v e  t r a y
The p r e s s u r e  drop  due t o  vap o u r  f lo w  th r o u g h  t h e
p o f o r a t i o n s  h a s  b e e n  e x t e n s i v e l y  s t u d i e d  by A rn o ld  e t
a l P ^ ,  Hunt e t  a l f ^  and L a y f i e l d  e t  a l . 2 3 ,  F o r  m u l t i p l e
h o l e  p l a t e s  H u n t21 c o r r e l a t e d  t h e  d ry  p r e s s u r e  d rop  by
t h e  f o l l o w i n g  e q u a t i o n ;  p
/ p \  /Uo^
. .  hp = ( 1 2 ) / ^ .  j d . l M i ^ r g c y
À0 Ao
0 . 4  ( 1 . 2 5  -  Ac) + ( 1  -  i ic )  -----2 .8
Ao = T o t a l  h o l e  a r e a  s q u a re  f e e t
AC = column c r o s s  s e c t i o n a l  a r e a  a v a i l a b l e  f o r  v ap o u r  f lo w
s q u a r e  f e e t .
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Uo = v a p o u r  v e l o c i t y  t h r o u g h  h o l e s  f t . / s e c .
Sc = 3 2 . 2
The p r e s s u r e  d rop  was i n t e r p e t e d  a s  th e  sum o f  a n  
e n t r a n c e  l o s s  and e x i t  l o s s  t h r o u g h  th e  p e r f o r a t i o n .  T h is  
e q u a t i o n  can  he u se d  w i th o u t  s i g n i f i c a n t  e r r o r  u n l e s s  
t / d o  i s  v e r y  s m a l l .  u in c e  t h e  d ry  p r e s s u r e  d rop  i s  v e ry  
s m a l l  i n  m a g n i tu d e  compared w i t h  t h e  t o t a l  p r e s s u r e  d ro p ,  
t h i s  e q u a t i o n  can  be  s a f e l y  u s e d .
2 ( b ) b  T o t a l  p r e s s u r e  d ro p  and A e r a t i o n  f a c t o r
I f  we assume c l e a r  l i q u i d  on th e  t r a y ,  th e  t o t a l  p r e s ­
s u r e  d ro p  o f  v a p o u r  t h r o u g h  t h e  t r a y  may be c a l c u l a t e d  
by  t h e  f o l l o w i n g  e q u a t i o n :
d  "  d  + q  + d  -----( 2 . 9 )
hi=  v /e i r  h e i g h t  + c r e s t  on t h e  w e i r  i n c h e s  l i q u i d
hp= d r y  p r e s s u r e  d ro p  i n c h e s  l i q u i d
^ r=  r e s i d u a l  p r e s s u r e  d rop  i n c h e s  l i q u i d
= 3 1 .2  a p p r o x .  (Huang & Hodson^)
,0 ,  ( 2 . 1 0 —\  ij
However t h e  l i q u i d  on th e  p l a t e  i s  i n  a n  a e r a t e d  s t a t e .
Hence t h e  p r e s s u r e  d ro p  o f  t h e  v ap o u r  t h r o u g h  th e  a e r a t e d
l i q u i d  w i l l  be l e s s  t h a n  h \ .
22A rn o ld  e t  a l .  d e f i n e d  a e r a t i o n  f a c t o r  a s  t h e  
r a t i o  o f  t h e  i n c r e a s e  i n  p r e s s u r e  d rop  c o r r e s p o n d i n g  t o  
two w e i r  h e i g h t s  t o  t h e  d i f f e r e n c e  i n  th e  two w e i r  h e i g h t s .  
T h i s  a s su m es  t h a t  w e i r  h e i g h t  i s  e q u a l  t o  c l e a r  l i q u i d  
h e i g h t .  T h i s  a s s u m p t i o n  may be j u s t i f i e d  i f  a s p l a s h
-  20 -
b a f f l e  i s  u s e d ,
H u tc l i in s o n ^ ^  and c o - w o r k e r s  have d e f in e d  a e r a t i o n  
f a c t o r  a s  t h e  r a t i o  o f  p r e s s u r e  drop  in c re m e n t  t o  t h e  
c l e a r  d e p t h  i n c r e m e n t .
 ( 2 . 1 1 )
j  X 3 a”  s 'b I
J3 = a e r a t i o n  f a c t o r  d im e n s io n  l e s s
j = s p e c i f i c  g r a v i t y  o f  l i q u i d  = w...
and 8 = two d i f f e r e n t  c l e a r  l i q u i d  r e f e r e n c e  s e a l sa Jd
i n c h e s  l i q u i d .
and-^P = P r e s s u r e  d ro p  t h r o u g h  p l a t e  c o r r e s p o n d i n g  t o  
S and 8 r e s p e c t i v e l y  i n c h e s  o f  w a t e r .
E L ' JJ
M a y f i e l d  e t  a l . and P r i n c e h a v e  d e f i n e d  a e r a t i o n  
f a c t o r  a s  a r a t i o  o f  t h e  o b s e rv e d  p r e s s u r e  d rop  th r o u g h  
t h e  f r o t h y  mass on t h e  t r a y  t o  th e  c a l c u l a t e d  c l e a r  l i q u i d  
d e p t h  on th e  t r a y .
6 -  =  p _  '-'po
Sw  ( 2 . 1 2 }
A 'p =  o b s e r v e d  p r e s s u r e  d ro p  i n c h e s  of  w a te r
Apo = d r y  p r e s s u r e  d ro p  i n c h e s  o f  w a te r
= hp/wp
8 = c l e a r  l i q u i d  h e i g h t  on t r a y
= hp = h ^ + h  i n c h e s  l i q u i d  
W = s p e c i f i c  g r a v i t y  o f  l i q u i d
The a e r a t i o n  f a c t o r  i s  l e s s  t h a n  u n i t y  and d e c r e a s e s
w i t h  i n c r e a s i n g  a i r  r a t e .
M a y f i e l d  e t  a l . ha ve  c o r r e l a t e d  a e r a t i o n  f a c t o r
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a g a i n s t  c l e a r  l i q u i d  d e p t h  and a l s o  a g a i n s t  a i r  r a t e  f o r  
a i r - w a t c r  s y s t e m s .
Prince^^^  found  th e  a e r a t i o n  f a c t o r  t o  he dependen t  
on t h e  c l c ^ r  l i q u i d  h e i g h t  h  ^ , and t h e  r a t i o  of  l i q u i d  
t o  g a s  f l o w  by vo lum e,  b u t  no t  on th e  g as  r a t e .  P r in c e ^ ^  
h a s  g i v e n  a c o r r e l a t i o n  o f  a e r a t i o n  f a c t o r s  f o r  w a te r  and 
o t h e r  l i q u i d s .
S c a t t e r  o f  p o i n t s  i n  t h e s e  c o r r e l a t i o n s  i s  c o n s i d e r a b l e ,  
and  h e n c e  i t  c a n  o n l y  be t a k e n  a s  a g u i d e .  More p r e c i s e  
and d e t a i l e d  work i s  needed  b e f o r e  a r e l i a b l e  p r e d i c t i o n  
can  be  made. S i n c e  t h e  a e r a t i o n  f a c t o r  i s  l e s s  th a n  u n i t y ,  
t h e  ca lc u lo ^ t^ d  p r e s s u r e  d rop  w i l l  be h i g h e r  t h a n  th e  a c t u a l  
p r o s e u r c  d r o p ,  and h e n c e  t h e  d e s i g n  w i l l  be a c o n s e r v a t i v e  
o n e .
-  22 -
Vs/,
iW
LIQ^ UID THROW OVER THE V/EIR
I I I - l
4'
J
T h e o r e t i c a l  d e r i v a t i o n  o f  t h e  F o m u l a e
5 a ,  l i q u i d  th rov /  o v e r  w e i r
The f o l l o w i n g  d e r i v a t i o n  i s  g i v e n  by  B o l l e s ^ s  
V e l o c i t y  o f  l i q u i d  o v e r  t h e  w e i r  i n  t h e  h o r i z o n t a l  
d i r e c t i o n  i s  g i v e n  by
I / I Iw how / T
12 ~ -Sv
0 .0 2 6 8  ( Q, ) ( 1 )  3 . 1
IW hg^
But f r o n  t h e  s t r a i g h t  w e i r  f o r n u l a
g  = 3 5 . 7  (how) ---------3 . 2
Iw
CL b i  i - g  e q u a t i o n s  3 . 1  ---C 3 , 2
u^ = 0 . 9 6  ^/ how — 3 .3
An a p p l i c a t i o n  o f  t h e  N ew to n ia n  law  o f  g r a v i t y  g i v e s
h f  /  12  = J g t  , d t  = -Jg t^
f r o n  w h ic h  t h e  t i n e  o f  f r e e  f a l l
t  — 2h^ ^ , /j-
12^
L i q u i d  t h ro w  o v e r  w e i r  ca n  be  o b t a i n e d  by  c o n b i n in g  
e q u a t i o n s  5 .3  and 5 . 4
Y/q = 12 uw t
= 12  ( 0 .9 6  I h ^  ) ( / ^  ■'
________ 12g
= 0 , 8  /how h f  — ——3 . 5
- 2 3 -
B + -  h- (Prom f i g u r e  I I I - l
•' W, = 0 . 8  .-V^yCs + -  hg  )  ( 3 . 6 )
The above d e r i v a t i o n  a p p l i e s  on ly  t o  s t r a i g h t  w e i r s  
and t h a t  t h e  w e i r  c o n s t r i c t i o n  c o r r e c t i o n  f a c t o r  i s  n e g l e c t e d .
3 (b )  P r e q u e n c y  o f  o s c i l l a t i o n s  on t h e  p l a t e
The f o l l o w i n g  d e r i v a t i o n  i s  g i v e n  by k c A l l i s t e r  and
12
P l a n k
S in c e  t h e  b e h a v i o u r  i s  d i s t i n c t l y  p e r i o d i c a l ,  t h e y  
s u s p e c t e d  t h a t  a c o u s t i c  jjhenomena co u ld  a c c o u n t  f o r  t h e  
’p e r i o d i c i t y . ’ H e a th  and P l l i o t ^ 5  were a b l e  t o  p r e d i c t  
by a s im p le  e q u a t i o n  t h e  p u l s a t i o n  f r e q u e n c y  i n  s e v e r a l  
d u c t  s y s t e m s  u s e d  i n  t h e i r  s t u d y ,  a c e n t r i f u g a l  c o m p re s s o r  
c a u sed  a i r  t o  f l o w  i n  th e  d u c t s .  They c l a im e d  t h a t  i n  
a s e n s e  a b u b b le  cap o r  s i e v e  t r a y  d i s t i l l a t i o n  to w e r  may 
be c o n s i d e r e d  t o  b e ’a d u c t  sy s te m .  The d i s t i l l a t i o n  to w e r s  
a r e  c o m p l i c a t e d  by th e  e x i s t e n c e  of  b o t h  t h e  l i q u i d  and t h e  
g a s  p h a s e ,  b u t  s t i l l  t h e y  a r e  dynamic f l u i d  s y s t e m s .  The 
f o r m u l a  i s
f = ^ 4 . T f y i v  -----( 3 . 7 )
R i c h a r d s o n ^ ^  d e v e lo p e d  ( 3 . 7 ) by c o n s i d e r i n g  th e
a c o u s t i c a l  a n a l o g y  o f  a c l a s s i c a l  H e lm h o l tz  r e s o n a t o r .
I n  a n  e l e c t r i c a l  c i r c u i t  h a v i n g  impedance and c a p a c i t a n c e
b u t  no r e s i s t a n c e ,  t h e  r e s o n a n t  f r e q u e n c y  i s  d e s c r i b e d  by
t h e  f o l l o w i n g  f a m i l i a r  e q u a t i o n  
_ 1 ___
2 T\\j: y / T e ------------------------------------------------------------- -----( 3 . 8 )
- 2 4 .
E q u a t i o n  (3--8) r e l a t e s  t h e  r e s o n a n t  f r e q u e n c y  i n  a 
c l a s s i c a l  H e lm h o l t z  r e s o n a t o r  t o  t h e  i n d u c t a n c e  and 
c a p a c i t a n c e .  F o r  an  a c o u s t i c a l  sy s t e m  th e  i n e r t a n c e  
i s  a n a lo g o u s  t o  t h e  i n d u c t a n c e  i n  an  e l e c t r i c a l  c i r c u i t .  
R i c h a r d s o n ^ ^  h a s  shov/n t h a t  i n e r t a n c e  ca n  be r e p r e s e n t e d  .as
i n e f t a n c e  = ^  v t  -----( 3 - 9 )
S’
L ik e w is e  t h e  c a p a c i t a n c e  i s  e x p r e s s e d  by
1/ G = 6p = C ^ V  (3* 1 0 )
5v V
E q u a t i o n  (3*7 )  i s  ^ c o m b i n a t i o n  o f  e q u a t i o n s  
( 3 . 3 ) ,  ( 3 . 9 ) and (3'.1C)> and e x p r e s s e s  th e  r e s o n a n t  f r e q u e n c y  
a c o u s t i j g a l l y  when a l l  t h e  i n e r t a n c e  ( i n d u c t a n c e )  i s  con­
c e n t r a t e d  i n  a s m a l l  d u c t  and t h e  c a p a c i t a n c e  i s  i n  t h e  
e n t i r e  body  o f  t h e  v e s s e l .
E q u a t i o n  (3 .? )  c o u ld  n o t  be e x p e c t e d  t o  d e s c r i b e  t h e  
p u l s a t i o n  f r e q u e n c y  i n  c* d i s t i l l a t i o n  tov /er  b e c a u s e  no a c c o u n t  
h a s  b e e n  tAken o f  t h e  c o u p l i n g  a c t i o n  o f  t h e  l i q u i d  and 
g a s  f lov/ r o i t e s .  I n  d i s t i l l a t i o n  to w e r s  v a p o u r  which  i s  
b u b b l i n g  t h r o u g h  t h e  l i q u i d  t r a n s m i t s  p a r t  o f  t h e  k i n e t i c  
e n e r g y  t o  t h e  l i q u i d .  F o r  a s im p le  h a rm o n ic  o s c i l l a t o r ,  
t h e  f r e q u e n c y  o f  v i b r a t i o n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
v e l o c i t y  o f  m o t i o n ,  t h e r e f o r e  t h e  k i n e t i c  e n e rg y  would be  
p r o p o r t i o n a l  t o  t h e  s q u a re  o f  t h e  f r e q u e n c y .  C o n v e r s e l y  
t h e  f r e q u e n c y  v/ould be p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  
o f  t h e  k i n e t i c  e n e r g y .  L in ce  a  c o u p l i n g  a c t i o n  o r  t r a n s ­
f e r r i n g  o f  k i n e t i c  e n e r g y  e x i s t s  b e tw e e n  th e  l i q u i d  and
-  25 -
t h e  g as  p h a s e ,  c o r r e c t i o n  f o r  t h i s  a c t i o n  n i g h t  l o g i c a l l y  
he  n a d e  hy  u se  o f  a  r a t i o  o f  t h e  k i n e t i c  e n e r g i e s  o f  t h e  
two p h a s e s .  A c c o r d i n g l y  i f  t h i s  a c t i o n  he  lo o k e d  upon 
a s  a  c a p a c i t a n c e  o r  r a t i o  o f  i n e r t i a l  f o r c e s ,  e q u a t i o n  
(3o9) n a y  he  r e w r i t t e n  as
f  =
o r
k  c 
2Tt





i  I v  .
/
I v
—— — ( 3 *11)
 ( 3 . 12)
k = p r o p o r t i o n a l i t y  c o n s t a n t  
=  2.5  0 .2
-  2 6  -
I j . Sc ope o f  t h e  p r e s e n t  i n v e s t i g a t i o n
The p r e s e n t  i n v e s t i g c . t i o n  i s  p r i n c i p a l l y  c o n c e rn e d  
w i th  t h e  d e s i g n  o f  t h e  downcomers.  n n  a t t e m p t  has  b e e n  
made t o  e x p l o r e  t h e  dov/ncomer f l o w  p a t t e r n s ,  and a e r a t i o n  
i n  t h e  downcomer a s  a f u n c t i o n  o f  v a p o u r  and l i q u i d  r a t e s  
and a l s o  t h e  s y s t e m ’ s p h y s i c a l  p r o p e r t i e s .  The e f f e c t  
o f  a i r  r a t e  and l i q u i d  r a t e  on o s c i l l a t i o n s ,  a e r a t i o n  on 
th e  p l a t e  and p r e s s u r e  d r o p s  i s  a l s o  r e p o r t e d .
I n d u s t r i a l  a i r  and l i q u i d  r a t e s  were u s e d .  L i q u id  r a t e  
was v a r i e d  f rom  0 t o  3000 g a l l o n s / h o u r  and an  a i r  r a t e  
o f  ItjOO cu .  f e e t / m i n u t e  (1 1  f e e t / s e c o n d )  was p o s s i b l e .
The work was l i m i t e d  t o  th e  s t u d y  o f  f l u i d  
d y n am ics  o f  p e r f o r a t e d  p l a t e s  and no d i s t i l l e n t  i o n  s t u d i e s  
o r  d e t e r m i n a t i o n  o f  p l d e  e f f i c i e n c i e s  were made, mass 
t r a n s f e r  h a s  a l a r g e  e f f e c t  on what h a p p e n s  on th e  p l a t e  
b u t  i n  t h e  downcomer,  th e  mass t r a n s f e r  would be v e r y  much 
l e s s  t h a n  on th e  p l a t e ,  and hence  t h e  c o n c l u s i o n s  drawn 
from t h i s  work m igh t  a p p l y  t  > t h e  d i s t i l l i n g  s y s t e m s .  However, 
r e s u l t s  on th e  f r o t h  h e i g h t  on t h e  p l a t e ,  a e r a t i o n  f a c t o r  
on t h e  p l a t e ,  p r e s s u r e  dropS  e t c . ,  w i l l  have a c o n s i d e r a b l e  
l i m i t a t i o n  s i n c e  th e y  v/ere o b t a i n e d  i n  th e  a b s e n c e  o f  mass 
t r a n s f e r ,  n e v e r t h e l e s s  i t  seems r e a s o n a b l e  t h ^ l  i n  g e n e r a l  
when a p l a t e  o p e r a t e s  s a t i s f a c t o r i l y  h y d r a u l i c a l l y , i t  
w i l l  have r e a s o n a b l e  e f f i c i e n c y .
The work was c a r r i e d  ou t  on s i e v e  p l a t e s  b e c a u s e  t h e y
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a r e  p r o b a b l y  t h e  s i m p l e s t  fo rm  o f  b u b b le  p l a t e s .  m oreover ,  
t h e  l i q u i d s  f r o t h  t o  a g r e a t e r  e x t e n t  on th e  sieve p l a t e  
t h a n  on t h e  b u b b l e - c a p  p l a t e . H e n c e , f rom  t h e  p o i n t  o f  
v iew  o f  h y d r a u l i c  s t u d i e s  o f  f r o t h i n g  s y s t e m s ,  t h e y  a r e  
more s u i t a b l e  a s  t h e y  p r e s e n t  a worse c a s e .  R e s u l t s  on th e  
downcoiaers s h o u ld  be a p p l i c a b l e  t o  b u b b l e - c a p  to w e r s .
h o s t  o f  th e  work was c a r r i e d  ou t  w i th  g l y c e r i n e - w a t e r  
s y s t e m s .  Of t h e  p h y s i c a l  p r o p e r t i e s  o n ly  t h e  s u r f a c e  
t e n s i o n  was changed  by a d d i t i o n s  o f  s u r f a c e  a c t i v e  
compounds. T h i s  i s  b e c a u s e  compared t o  o t h e r  p h y s i c a l  
p r o p e r t i e s ,  s u r f a c e  t e n s i o n ,  and i n  p a r t i c u l a r  dynamic s u r ­
f a c e  t e n s i o n ,  h a s  t h e  most p ro fo u n d  e f f e c t  on t h e  f r o t h i n g  
t e n d e n c i e s  o f  l i q u i d s .
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5- A p p a r a t u s  and E x p e r i m e n t a l  p ro c e d u r e  
5a  D a ta  on th e  A p p a r a t u s ,  
l e n g t h  o f  t h e  t r a y  = 3 f e e t  
w id th  o f  t h e  t r a y  = 1 f o o t  
t h i c k n e s s  o f  t h e  t r a y  = 0 .1 1 2  i n c h e s  
h o l e  d i a m e t e r  = g i n c h  
p i t c h  o f  t h e  h o l e s  = i n c h  t r i a n g u l a r  
number o f  h o l e s  = 1080 
t o t a l  h o l e  a r e a  = 1 3 - 2 5  s q u a r e  i n c h e s  
a r e a  o f  t h e  p e r f o r a t e d  p a r t  o f  t h e
t r a y  = 13-25  i n c h e s  lo n g  x 1 0 . 1 2 5  i n c h e s  wide 
= 1 3 6 . 5  s q u a r e  i n c h e s  
i n l e t  c a lm in g  s e c t i o n  = h i  i n c h e s  
o u t l e t  c a lm in g  s e c t i o n  = 6 i n c h e s
D i s t a n c e  b e tw e e n  l a s t  row o f  p e r f o r a t i o n s  and w a l l  = J  i n c h e s
D i s t a n c e  b e tw e e n  downcomer b a f f l e  and o u t l e t  w e i r  = 2k i n c h e s
T ra y  s p a c i n g  = 2i\ i n c h e s
W r i r  h e i g h t  = 3 i n c h e s
L e n g th  o f  t h e  w e i r  = 12 i n c h e s
Downcomer
L e n g th  o f  t h e  dovmcorner = 2t| i n c h e s
B r e a d t h  o f  t h e  dovmcomer ( i n s i d e )  = 1 1 .2 5  i n c h e s
F u l l  w id th  o f  t h e  downcomer ( i n s i d e )  = 5 i n c h e s
F i r s t  r e d u c e d  w id th  of  th e  downcomer ( i n s i d e )  = 3 -^2 5  i n c h e s
-  2 9  -
Second r e d u c e d  w id th  o f  t h e  dovmcomer ( i n s i d e )  = 2 . ^ 8  i n c h e s  
T h i r d  r e d u c e d  w id th  o f  t h e  downcomer ( i n s i d e )  = 1 .5 4  i n c h e s  
Gap b e tw e e n  p l a t e  and downcomer edge = 2# i n c h e s  
F ix e d  b e l l  13  i n c h e s  wide x  16 i n c h e s  lo n g  x 18 i n c h e s  h i g h  
i/lovable t r o u g h  16 i n c h e s  wide x 18 i n c h e s  lo n g  x 12 i n c h e s
h i g h
A u x i l l i a r y  t a n k  16 i n c h e s  wide x 24 i n c h e s  lo n g  x 16 i n c h e s
h i g h
Column
Area = 3 f e e t  l o n g  x 1 f o o t  wide 
= 3 s q u a re  f e e t  
H e i g h t  o f  box Ho. 1 = 1  f o o t
H e i g h t  o f  box No. 2 = 2  f e e t
H e i g h t  o f  box No. 3 = 2^ r f e e t
A i r  s y s t e m
F a n : -  S t u r t e v a n t  No. 30 GV7/30
s i n g l e  i n l e t  1^ v / id th  n a r ro w  
p a t t e r n  h i g h  p r e s s u r e  f a n .
C a p a c i t y  o f  t h e  f a n : -  1200 c u . f t . / m i n .  a g a i n s t  4 2 ” w .g .
when r u n n i n g  a t  2900 r . p . m .
M o t o r : -  20 H . P . ,  s q u i r r e l  cage  m o to r
1450  r . p . m .  3 p h a s e ,  50 p e r i o d s  
4 0 0 / 4 4 0  v o l t s
S t a r t e r : -  O i l  immersed hand o p e r a t e d  s t a r  d e l t a  s t a r t e r  
f i t t e d  w i th  no v o l t  and o v e r l o a d  r e l e a s e s  h a v i n g  t im e
-  30 -
l a g s  and a r a n g e d  f o r  w a l l  m oun t ing
D ia m e te r  o f  t h e  p i p e  = 6 i n c h e s
D i a m e t e r  o f  t h e  o r i f i c e  = 3 in c h e s
T h i c k n e s s  o f  t h e  o r i f i c e  p l a t e  = -g i n c h e s
R o t a m e te r  ran g e  = 0 . 5  t o  5 c u . f t . / m i n .  a t  15^0. and 7 6O
mm o f  Hg.
L i q u i d  s y s t e m ; -
Pump2-  Double H e l i c a l  Gear  pump ty p e  D.H . 5 0  ( V a r l e y  P .M.C. 
L t d . )
O u tp u t  o f  t h e  pum p:-  a p p r o x i m a t e l y  50 gpm o f  w a t e r  when 
r u n n i n g  a t  a speed  o f  1425 r . p . m .  a g a i n s t  p r e s s u r e s  f rom  
a l l  c a u s e s  o f  15  p . s . i n .
M o t o r : -  Flame and e x p l o s i o n  p r o o f .
3 H . P . , 1425  r . p . m .  4 0 0 /4 4 0  v o l t s  3 p h a s e  50 c y c l e s  
D ia m e te r  o f  t h e  l i q u i d  p i p e  = 2 i n c h e s
R o t a m e te r  r a n g e  = 5 - 5 0  gpm o f  w a te r  a t  200C.
Main t a n k : -  40 g a l l o n s  a c t u a l  c a p a c i t y  
Second t a n k : -  25 g a l l o n s  a c t u a l  c a p a c i t y
5b D e s c r i p t i o n  o f  t h e  A p p a r a t u s
The a p p a r a t u s  p r i n c i p a l l y  c o n s i s t e d  o f  a two t r a y  s i e v e  
p l a t e  column o f  f l e x i b l e  d e s i g n  so t h a t  t r a y s ,  downcomers
and w e i r s  co u ld  be e a s i l y  changed .  The s p e c i a l  f e a t u r e s
o f  t h e  column w ere :
( 1 ) t h e  e x t e r n a l  p e r s p e x  downcomers . T hese  p e r m i t  v i s u a l
-  3 1  -
I7 I F  OF THH APmH.TU:3
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o b s e r v â t  io n s  o f  t h e  f r o t h y  l i q u i d
( ? )  A ’ B e l l ’ a r r a n g e m e n t  a t  t h e  b o t to m  of t h e  second  downcomer. 
By means o f  t h i s  ’b e l l ’ t h e  q u a n t i t y  o f  a i r  d rag g ed  dovra. 
t o  t h e  b o t to m  p l a t e  by th e  1 i q u i d  l e a v i n g  th e  downcomer 
co u ld  bu a c c u r a t e l y  m e a s u re d .  A p h o t o g r a p h  o f  th e  a p p a r a t u s  
i s  g i v e n  i n  F i g u r e  V-1 
5 b 2 L i q u i d  s y s t e m .
The f lo w  d ia g ra m  i s  g i v e n  i n  F i g u r e  V-2. L i q u i d  was 
pumped up f ro m  t h e  m a in  t a n k  by means o f  a d o u b le  h e l i c a l  
g e a r  pump t y p e  1H.50 ( V a r l e y  F . k . C .  L t d . ) .  The pump was 
d r i v e n  by a f la m e  and e x p l o s i o n  p r o o f  m o to r ,  c o n t i n u o u s l y  
r a t e d  t o  d e v e lo p  3 h . p .  when r u n n in g  a t  a speed  o f  1^25 
r . p . m .  and wound f o r  a su p p ly  o f  4 0 0 /4 4 0  v o l t s  3 p h a s e  50 
c y c l e s .  The pump had an  o u t p u t  o f  a p p r o x i m a t e l y  3000 gph  
o f  W ater when r u n n i n g  a t  a s h a f t  speed  o f  1 4 ?5 r . p . m .  
a g a i n s t  p r e s s u r e  f rom  a l l  c a u s e s  o f  15 p . s . i .
L i q u i d  f rom  th e  m ain  t a n k  f lo w ed  t h r o u g h  a r o t a m e t e r  
t o  t h e  t o p  o f  t h e  column v i a  a 2 i n c h  0 . 1 .  c o p p e r  p i p e .
F i g u r e  V-3 shows th e  f l o w  o f  l i q u i d  i n  t h e  column.
A c i r c u l a r  s t a i n l e s s  s t e e l  p ip e  3 i n c h e s  I . l .  b r o u g h t  
t h e  l i q u i d  on t o  t h e  to p  t r a y ,  where i t  f lo w e d  o v e r  t h e  i n l e t  
w e i r ,  o v e r  t h e  c a lm in g  s e c t i o n s  and p e r f o r a t i o n s ,  o v e r  t h e  
o u t l e t  w e i r  on t o  t h e  b o t to m  t r a y  v i a  t h e  to p  downcomer.
I t  t h e n  f lo w e d  o ver  t h e  c a lm in g  s e c t i o n s  and p e r f o r a t i o n s  
o f  t h e  b o t to m  t r a y ,  o v e r  t h e  o u t l e t  w e i r  i n t o  t h e  downcomer
-  3 2  -
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and b e l l  a r r a n g e m e n t ,  where t h e  l i q u i d  was - d i r e n t r a i n e d .
I t  t h e n  f lo w e d  b a c k  i n t o  t h e  main  t a n k  v i a  t h e  second t a n k .  
L i q u i d  was r e c i r c u l a t e d .  L i q u i d  f lo w  r a t e  was c o n t r o l l e d  
by means o f  t h r e e  v a l v e s .  Crude a d j u s t m e n t  i n  t h e  l i q u i d  
r a t e  was made by means of  a b y - p a s s  v a l v e .  F in e  a d j u s t m e n t  
was made by means o f  a g a t e  v a l v e  and a n e e d le  v a lv e  i n  
p a r a l l e l .  The l i q u i d  r a t e  was m easu red  by means o f  a 
r o t a m e t e r  w i th  a s t a i n l e s s  s t e e l  f l o a t .  The r o t a m e t e r  
was c a l i b r a t e d  f o r  t h e  l i q u i d  sy s tem  g l y c e r i n e - w a t e r .
5b 2 ^ i i r  s y s t e m .
The f lo w  d ia g ra m  i s  g i v e n  i n  F i g u r e  .V-2. The a i r  f lo w  
was p r o v i d e d  by " S t u r t e v a n t *  N o .30 GV7/ 3O s i n g l e  i n l e t  
w id th  n a r ro w  p a t t e r n  h i g h  p r e s s u r e  f a n .  The f a n  was 
d r i v e n  by a 20 H .P .  t o t a l l y  e n c l o s e d  s q u i r r e l  cage m oto r  
wound f o r  l i i 50  r . p . m .  3 p h a s e , 50 p e r i o d s ,  iO O / i iO  v o l t s .  
The f a n  was c a p a b le  o f  h a n d l i n g  1200 c u . f t . / m i n .  a g a i n s t  
i 2 i n c h e s  w .g .  when r u n n i n g  a t  2 9 0 O r . p . m .
ü . i r  f ro m  t h e  f a n ,  a f t e r  f l o w in g  t h r o u g h  th e  o r i f i c e  
m e t e r ,  e n t e r e d  th e  b o t to m  o f  t h e  column by a 6 i n c h  I . L .  
g a l v a n i s e d  p i p e .  A f t e r  f l o w i n g  t h r o u g h  t h e  p e r f o r a t i o n s  
and l i q u i d  on th e  t r a y ,  i t  was sucked b a c k  i n t o  t h e  f a n .
A i r  was t h u s  r e c i r c u l a t e d ,  n i r  r a t e s  up t o  1^00 c u . f t . /  
m in .  were j j o s s i b l e .
The a i r  r a t e  was c o n t r o l l e d  by means of  a s p e c i a l
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g a t e  v a l ^ ' , which was c o n s t r u c t e d  i n  t h e  l a b o r a t o r y .  The 
movement o f  t h e  ' g a t e '  was c o n t r o l l e d  by means o f  a v e r y  
f i n e l y  t h r e a d e d  sc re w  so t h a t  a n  a d j u s t m e n t  o f  a f r a c t i o n  
o f  a m i l l i m e t e r  wus p i s s i b l e .
The ' g a t e  v a l v e '  v/hen n o t  f u l  _y open ,  made th e  a i r  
f lo w  on one s i d e  o f  t h e  p i p e .  Hence when p l a c e d  on t h e  
d e l i v e r y  s i d e  o f  th e  f a n ,  i t  cau sed  m a l d i s t r i b u t i o n  o f  t h e  
a i r  i n  t h e  windbox and t h e r e b y  cau sed  o s c i l l a t i o n s  on t h e  
b o t to m  t r a y .  I t  was t h e r e f o r e  p l a c e d  on th e  s u c t i o n  s i d e  
o f  t h e  f a n .
The a i r ,  b e f o r e  i t  e n t e r e d  t h e  v/indbox, was v e n te d  t o  
a tm o sp h e re  so t h a t  p r e s s u r e  i n  t h e  windbox was a p p r o x i m a t e l y  
a t m o s p h e r i c .  T h i s  was n e c e s s a r y  b e c a u s e  t h e  b o t to m  downcomer 
s h o u ld  d i s c h a r g e  t h e  l i q u i d  a t  t h e  same p r e s s u r e  a s  would 
e x i s t  on a lo w e r  t r a y .  T h i s  would be t h e  p r e s s u r e  i n  t h e  
w indbox. S in c e  th e  b o t to m  downcomer d i s c h a r g e d  t h e  l i q u i d  
i n t o  th e  t a n k  which was open t o  a t m o s p h e r e ,  th e  p r e s s u r e  
i n  th e  w indbox must a l s o  be a t m o s p h e r i c .  S in c e  th e  a i r  was 
c i r c u l a t i n g  i n  a c l o s e d  c i r c u i t ,  no a i r  w i l l  go i n  o r  come 
o u t  o f  t h e  v e n t  u n l e s s  t h e r e  were some l e a k s  i n  t h e  sy s te m .  
The v e n t  was t h u s  an i n d i r e c t  c h e c k  on th e  l e a k s  i n  th e  
s y s t e m .
A i r  r a t e  was m easu red  by means o f  a s t a n d a r d  B r i t i s h  
o r i f i c e  m e te r  3 i n c h e s  I . E .  w i th  D and D/2 t a p p i n g s .  The 
o r i f i c e  m e t e r  was d e s i g n e d  a c c o r d i n g  t o  t h e  s t a n d a r d s  l a i d

















dovm i n  B .C .G. 10li2 ( 1 9 ^ 3 ) ,  w i th  t h e  n e c e s s a r y  s t r a i g h t  
l e n g t h s  o f  p i p e  on t h e  u p s t r e a m  and dow ns tream  s i d e  e t c .
5h^  C olumn •
The s k e t c h  o f  t h e  f u l l y  a s se m b le d  column w i th  t r a y s ,  
-v /e i r s ,  downcomers ,  e t c .  i s  g i v e n  i n  F i g u r e  V-3* Column 
c o n s i s t e d  of  t h r e e  s t a i n l e s s  s t e e l  b o x e s .  A l l  t h e  b o x e s  
were f i t t e d  w i t h  l a r g e  p e r s p e x  windows so as  t o  make th e  
t r a y s  and downcomers a c c e s s i b l e  and p e r m i t  v i s u a l  o b s e r ­
v a t i o n s .  Box No. 1 a t  t h e  b o t to m  was 1 f o o t  3 i n c h e s  lo n g  
X  1 f o o t  wide x 1 f o o t  h i g h .  I t  s e r v e d  a s  a wind box .  I t  
was f i t t e d  w i t h  a l a r g e  p e r s p e x  window so t h ^ t  weeping  f rom  
t h e  b o t to m  p l a t e  can  be o b s e r v e d .  A i r  e n t e r e d  t h i s  box a t  
t h e  b o t to m  by 6  i n c h  I . L .  p i p e . a s  t h e  box was n o t  
s y m m e t r i c a l  w i t h  r e s p e c t  t o  t h e  p e r f o r a t e d  p a r t  o f  t h e  t r a y ,  
i t  c a u s e d  m a l d i s t r i b u t i o n  o f  a i r ,  w h ich  l e d  t o  o s c i l l a t i o n  
on th e  p l a t e .  I n  f a c t  a t  low a i r  r a t e s  t h e  p l a t e  was w eep ing  
a s  w e l l  a s  o s c i l l a t i n g ,  and t h e r e  v/as no s t a b l e  r a n g e  o f  
o p e r a t i o n .  Hence t h e  p o r t i o n  o f  t h e  box on t h e  r i g h t  hand 
s i d e  was b la n k e d  o f f  so a s  t o  make i t  s y m m e t r i c a l  w i t h  
r e s p e c t  t o  t h e  p e r f o r a t i o n s .  The o s c i l l a t i o n s  on th e  
t r a y  a t  low a i r  r a t e  were t h u s  e l i m i n a t e d .  The column 
t h e n  had  a r an g e  o f  s t a b l e  o p e r a t i o n .
Box no. 2 was 2 fe-et h i g h .  S k e t c h  o f  t h e  box no .  2 i s  
g i v e n  i n  F i g u r e  Y M. The box was d e s i g n e d  i n  such  a way
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t h a t  t h e  dov/ncomer was e x t e r n a l  and co u ld  be e a s i l y  ch a n g ed ,  
and d i f f e r e n t  t y p e s  of  d own comers  e . g .  c i r c u l a r ,  r e c t a n g u l a r ,  
e t c .  co u ld  be e a s i l y  f i t t e d  up .  T h i s  box was f i t t e d  w i th  
a s m a l l  c i r c u l a r  p e r s p e x  window so t h a t  v i s u a l  o b s e r v a t i o n s  
a t  t h e  b o t to m  o f  t h e  downcomer can  be made.
Box no. 3 was 2 f e e t  6 i n c h e s  h i g h .  The a i r  l e f t  t h e  
box  a t  t h e  t o p  by means o f  a 6 i n c h  I , I ) ,  p i p e .  The e x i t  
was c o v e re d  by a w ire  mesh so a s  t o  d i s a n t  r a i n  th u  .a i r  
and p r e v e n t  t h e  l i q u i d  d r o p s  g o in ^  i n t o  t h e  f a n .
T ra y
A s t a i n l e s s  s t e e l  p l a t e  3 f e e t  l o n g ,  1 f o o t  wide and 
0 .1 1 2  i n c h e s  t h i c k  h a v i n g  ■§■ i n c h  h o l e s  on % i n c h  e q u i l a t e r a l  
t r i a n g u l a r  c e n t r e s ,  was used  w i th  t h e  l o n g  d im e n s io n  
p a r a l l e l  t t h e  l i q u i d  f l o w .  The p l a t e  had a p e r f o r a t e d  
a r e a  o f  1 3 .5  i n c h e s  x 1 0 .1 2 5  i n c h e s .  The c a lm in g  s e c t i o n  
on t h e  i n l e t  s i d e  was i i . 5 i n c h e s  and on t h e  o u t l e t  s i d e  was 
6 i n c h e s .  I n  t h e  o r i g i n a l  d e s i g n  th e  d i s t a n c e  b e tw e e n  t h e  
l a s t  row o f  p e r f o r a t i o n s  and th e  w a l l  was o n ly  |  i n c h e s .
T h i s  l e d  t o  wee p i n g  n e a r  t h e  w a l l  due t o  w a l l  e f f e c t .  Hence 
t h e  h o l e s  n e a r  t h e  w a l l  were b l a n k e d  o f f  and t h e  d i s t a n c e  
b e tw e en  t h e  l a s t  row o f  h o l e s  and th e  column w a l l  was g 
i n c h e s .  The o u t l e t  w e i r  was 12 i n c h e s  lo n g  and 3 i n c h e s  
h i g h  and had a f l a n g e  a t  th e  b o t to m ,  so t h a t  i t  c an  be 
b o l t e d  on t o  t h e  p l a t e .  S k e tc h e s ,  o f  t h e  t r a y  and t h e  w e i r s  
a r e  g i v e n  i n  F i g u r e  V-5*
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111 t h e  p r e l i m i n a r y  e x p e r i m e n t s  t^ o p e r s p e x  down, o n e r s  
3& i n c h e s  1 ,1) .  and 4 i n c h e s  O.I) .  w ere  u s e d .  I n  t h e  m a in  ex­
p e r i m e n t s ,  p e r s p e x  s e g m e n t a l  downcomers ,  r e c t a n g u l a r  i n  s e c t i o n  
w ere  u s e d .  The i n t e r n a l  c r o s s  s e c t i o n  o f  t h e  downcomer was 
1 1 ,2 5  i n c h e s  l o n g  x 5 i n c h e s  w i d e , The gap  b e tw e e n  t h e  down- 
come r  b c . f f i e  edge and  t h e  t r a y  was 2-f i n c h e s .  The w i d t h  o f  t h e  
downcomer was r e d u c e d  by  means o f  h a r d  r u b b e r  i n s e r t s  1 i n c h  
t h i c k . T hese  r u b b e r  i n s e r t s  w ere  h e l d  i n  p o s i t i o n  by means o f  
a  • 4  i n c h  p e r s p e x  p l a t e  w i t h  r u b b e r  f i t t i n g s  on t h e  s i d e  so  as  
to  fo rm  a t i g h t  f i t  i n  t h e  downcomer. P h o to g r a p h  o f  t h e  down­
comer w i t h  i t s  w i d t h  red u ce d  t o  2 ,4 8  i n c h e s  i s  g i v e n  i n  F i g u r e  
V-6 , P o u r  d i f f e r e n t  w i d t h s  o f  t h e  downcomer w ere  u s e d .  ( l )
P u l l  w i d t h  5 i n c h e s ,  (2) 5 .425 i n c h e s  (3) 2 .4 8  i n c h e s  and  
(4) 1 . 5 4  i n c h e s  . a t  t h e  end o f  t h e  b o t to m  downcomer,  a  ^ b e l l   ^
a r r a n g e m e n t  was c o n s t r u c t e d  so a_, t o  m easu re  t h e  q u a n t i t y  o f  a i r  
dra.gged down b y  t h e  l i q u i d  t o  t h e  b o t t o m  p l a t e .  T h is  a r r a n g e m e n t  
i s  d e s c r i b e d  b e lo w .
The b e l l  a r r a n g e m e n t
I n  o r d e  t o  g e t  an a c c u r a t e  e s t i m a t i o n  o f  t h e  a i r  d rag g ed  
down by t h e  l i q u i d  t o  t h e  p l a t e  be low  a i r  ” c a r r y - u n d e r , ” t h e  
e n t r a i n e d  a i r  m us t  be m e a su re d  i n  c o n d i t i o n s  i d e n t i c a l  t o  t h o s e  
t h a t  e x i s t  on t h e  t r a y , The s k e t c h  o f  t h e  a r r a n g m e n t  i s  gven  
i n  F i g u r e  V-7 . The b o t to m  down comer was i d e n t i c a l  t o  t h e  t o p  i n  
d im e n s io n s  . The gap  a t  t h e  b o t to m  o f  t h e  downcomer was t h e  same 
a s  t h e  gap  b e tw e e n  t h e  t o p  downcomer b a f f l e  and  t h e  t r a y  and a l s o  
i t  was on t h e  same s i d e  a s  i t  would be  i f  t h e  downcomer was on
-  37 -
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t h e  t r a y .  L i q u i d  was t h u s  made t o  r e v e r s e  i t s  f l o w  a s  i t  does 
f rom  t r a y  t o  t r a y .  The downcomer was e n c lo s e d  by  a f i x e d  b e l l  
12  i n c h e s  w ide  x 15 i n c h e s  l o n g  x 18 i n c h e s  h i g h .  The b o t to m  
o f  t h e  f i x e d  b e l l  was c o v e re d  by  a m ovab le  p e r s p e x  t r o u g h  18 
i n c h e s  l o n g  x 16 i n c h e s  w id e  x 12  i n c h e s  h i g h .  The l i q u i d  
w i t h  i t s  e n t r a i n e d  a i r  came o u t  o f  t h e  gap i n t o  t h e  f i x e d  b e l l . 
H ere  t h e  f r o t h  came t o  t h e  t o p  w h i l e  c l e a r  l i q u i d  f lo w e d  u n d e r  
t h e  f i x e d  b e l l  o v e r  t h e  m ovable  t r o u g h  i n t o  t h e  main  t a n k .
The f r o t h  c o l l a p s e d  i n  t h e  f i x e d  b e l l  and t h e  d i s e n g a g e d  v a p o u r  
was removed t h r o u g h  a r o t a m e t e r  and a v a l v e  by  t h e  s u c t i o n  o f  
t h e  f a n .  On a t r a y  t h e  downcomer d i s c h a r g e s  t h e  l i q u i d  a g a i n s t  
t h e  h e i g h t  o f  c l e a r  l i q u i d  o n  t h e  t r ^ y . A gauge  g l a s s  t u b e  
was c o n n e c te d  t o  t h e  b o t to m  o f  t h e  t r o u g h  and v e n t e d  t o  t h e  
f i x e d  b e l l ,  so a s  t o  m easu re  t h e  h e i g h t  o f  c l e a r  l i q u i d  on t h e  
t r o u g h . By a d j u s t i n g ' t h e  v e r t i c a l  p o s i t i o n  o f  t h e  t r o u g h ,  t h i s  
h e i g h t  o f  cleem l iq u i d ,  i n  t h e  t r o u g h  was made e q u a l  t o  t h e  
h e i g h t  o f  c l e a r  l i q u i d  on t rg iy  a t  t h e  i n l e t  c a l m i n g  s e c t i o n .
A lso  t h e  downcomer d i s c h a r g e s  t h e  l i q u i d  a t  p r e  s u r e  h i g h e r  
t h a n  t h e  p r e s s u r e  on t h e  p l a t e  above by t h e  t r a y  p r e s s u r e  d r o p .
A m anom ete r  was f i x e d ,  one arm o f  w h ic h  c o n n e c t e d  t h e  f i x e d  b e l l  
and t h e  o t h e r  t o  t h e  wind b o x .  By a d j u s t i n g  t h e  o p e n i n g  i n  t h e  
v a l v e ,  t h e  p r e s s u r e  i n  t h e  f i x e d  b e l l  was made eq u a l  t o  p r e s s u r e  
i n  t h e  wind b o x , w h ic h  i s  h i g h e r  t h a n  t h e  p r e s s u r e  on t h e  b o t to m  
t r a y  by t h e  amount o f  t r a y  p r e s s u r e  d r o p .
Thus by  s u i t a b l e  a d j u s t m e n t  of t h e  v e r t i c a l  p o s i t i o n  o f  t h e  
. m ovab le  t r o u g h  t o g e t h e r  w i t h  a s u i t a b l e  o p e n in g  o f  t h e  e n t r a i n e d  
a i r  t h r o t t l e  v a l v e ,  t h e  f r o t h  h e i g h t s  and t h e  c l e a r  l i q u i d
-  5 8  -
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h e i g h t s  i n  t h e  two dow nconers  w ere  n a d e  eq.ual and t h e  p r e s s u r e  
i n  t h e  f i x e d  b e l l  was n ad e  e q u a l  t o  t h e  p r e s s u r e  i n  t h e  wind 
box .
I n  o r d e r  t o  p r o v i d e  a l a r g e  a r e a  f o r  t h e  d i s  engagement 
o f  t h e  a i r ,  a  t a h ^  was c o n n e c te d  to  t h e  f i x e d  b e l l  by  a 4 i n c h e s  
O.I) .  p e r s p e x  t u b e .  Thus some f r o t h  f lo w e d  i n t o  t h e  t a n k ,  
c o l l a p s e d  and t h e  l i q u i d  was d r a i n e d  o f f .  As t h e  p i p e  d i d  n o t  
f lo w  f u l l , t h e  d i s e n g a g e d  a i r  wa.^ a b l e  to  f l o w  b ac k  t o  t h e  
f i x e d  b e l l .
I n  o r d e r  t o  p r e v e n t  t h e  f r o t h  g o in g  i n t o  t h e  a i r  r o t a m e t e r ,  
t h e  a i r  f r o n  t h e  f i x e d  b e l l  was f i r s t  t a k e n  t o  a  g l a s s  b o t t l e  
w here  i t  ■'■^•as n a d e  t o  r e v e r s e  i t s  f low n  Thus f r o t h  and l i q u i d  
d ro p s  c o l l e c t e d  _.t t h e  b o t t o m  o f  t h i s  b o t t l e  w/hile a i r  f r e e  o f  
f r o t h  went t o  t h e  r o t a m e t e r .
5b^ M easurem en t  o f  s t a t i c  hecids a nd p r e s s u r e  d r o p s
b t a t i c  head  a t  t h e  c e n t r e  and n e a r  t h e  o u t l e t  w e i r  w ere  
m easu red  by f  i n c h  0 .U . s t a i n l e s s  t - b e s  sc re w e d  t o  t h e  m a in  
t r a y ,  f l u s h  w i t h  t h e  t r a y  f l o o r  and c o n n e c te d  t o  t h e  gauge 
g l a s s  t u b e s  w h ic h  w ere  v e n t e d  t o  t h e  s p a c e  above  t h e  t r a y  f l o o r ,  
b t a t i c  head  i n  t h e  downcomer, i n  m e  i n l e t  c a l k i n g  s e c t i o n  on 
t h e  l o w e r  t r a y ,  w ere  m easu red  s i m i l a r l y . The p r e s s u r e s  i n  
t h e  downcomer, and above t h e  two t r a y s  w ere  m easu red  by t u b e s  
f l u s h  w i t h  t h e  w a l l  and c o n n e c t e d  t o  t h e  m a n o m e te r s .  F i g u r e  
V-7 and f i g u r e  V- 8  show t h e  p r e s s u r e  p o i n t s  on t h e  t o p  and 
b o t to m  downcomer s y s t e m s .
-  3 9  -






















5 c E x p e r i n e n t ù l  p r o c e d u r e
The f a n  wau f i r d b  ched on and t h e n  t h e  l i q u i d  p u n p e d .
hue  t o  t h e  Vvork done by  t h e  puup and t h e  f a n ,  t h e  t e n p e r a t u r e  
o f  t h e  l i q u i d  and t h e  a i r  r o s e  r a p i d l y  a t  f i r s t ,  u n t i l  ^ h o u t  
2 5 ^ 0 .  was r e a c h e d  t h e n  i t  i n c r e a s e d  v e r y  s l o w l y .  The coluiiin 
was t h e r e f o r e  a l l o w e d  t o  r u n  a t  t h e  r e q u i r e d  a i r  r a t e  and l i q u i d  
r a t e  u n t i l  t h e  t e m p e r a t u r e  o f  t h e  l i q u i d  was a b o u t  2 7 ^ 0 .  A l l  
t h e  r e a d i n g s  were  t a k e n  i n  t h e  r a n g e  2 7 ^ t o  3 1 ^ C . ,  g i v i n g  a  
mean t e m p e r a t u r e  o f  2 9 °C . The mean t e u p e i u t u r e  o f  t h e  a i r  a t  
t h e  o r i f i c e  was 3 3 ^0 . ^-s t h e  o r i f i c e  was o u t s i d e  t h e  l a b o r a t o r y ,
so n e  h e a t  was l o s t  t o  t h e  a t ' i o s p h e r e  and h e n c e  t h e  a i r  was 
a t  a  l o w e r  t e n p e r a t u r e  a t  t h e  column t h a n  a t  t h e  o r i f i c e *
A l l  t h e  a i r  b u b b le s  i n  t h e  t u b e s  w e re  c a r e f u l l y  removed 
b e f o r e  s t a t i c  h ea d  and p r e s s u r e s  a t  v a r i o u s  p o i n t s  w ere  r e c o r d e d .
L iq u id  r o t a m e t e r  was c a l i b r a t e d  f o r  g l y c e r i n e - w a t e r  
by  c o l l e c t i n g  t h e  l i q u i d  i n  a  l a r g e  drum and n o t i n g  t h e  t i n e .  
L i g u r e  V-9 g i v e s  t h e  c a l i b r a t i o n  c u r v e  f o r  t h e  r o t a m e t e r .
-  4 0  -
6 . P r e l i n i n a r y  A c p e r i n o n t s  and 
T a b u l a t e d  R e s u l t s  
6 . 1  L n o t h i n g  o f  d i f f e r e n t  l i q u i d  s y s t e m s
A small apparatus was built in which air was bubbled 
through various liquid systems in order to determine their 
f r o t h i n g  clm.racteristics . It was found  that even very small 
quantities of detergents in water gave excessive f r o t h i n g .
A ls o  t h e  f r o t h  p ro d u c e d  \ ;as  more p e r s i s t a n t  t h a n  t h e  one 
p r o d u c e d  by  m e t h y l  a l c h o h o  1 - v^/ater, p a r a f f i n  e t c .  '-hen 
e x p e r i m e n t s  w ere  c a r r i e d  o u t  i n  t h e  m ain  a p p a r a t u s  i t  was 
found  t h a t  d e t o l - H 20  and o t h e r  d e t e r g e n t s  i n  w a t e r  d id  
n o t  g i v e  r e p r o d u c i b l e  r e s u l t s ,  o v e r  a  l e n g t h  o f  t i m e .  T h is  
may be due t o  s e l e c t i v e  e v a p o r a t i o n  o r  o x i d a t i o n . L i n a l l y  
i t  was d e c id e d  t o  use  ;g l y c e r i n e - w a t e r  b e c a u s e  i t  i s  an o r g a n i c  
systei.L, and t h e  f r o t h  p ro d u c e d  i s  s i m i l a r  t o  t h e  o t h e r  o r g a n i c  
s y s t e m s  l i k e  g l y c o l - w a t e r ,  e t c . The r e s u l t s  w ere  a l s o  
r e p r o d u c i b l e .
6 .2  g i r c p i l a r  downcomers
A l i m i t e d  amount o f  q u a l i t a t i ' ^ e  work was c a r r i e d  o u t  w i t h  
c i r c u l a r  d o w n c o n e rs .  Two c i r c u l a r  .cmmic o n e r s  i n t e r n a l  d i a m e t e r
wore u s e d ,  fm some e x p e r i m e n t s  a  w e i r  v;as u s e d ,  w h i l e  i n  o t h e r s  
t h e  dO' n come IS w ere  p r o j e c t e d  above  t h e  p l a t e  t o  a c t  a s  w e i r .
I t  was fou n d  tho . t  even  a t  low l i q u i d  r a t e s ,  t h e  l i q u i d  
f lo w e d  i n  t h e  c e n t r e  o f  t h e  downcomer r a t h e r  t h a n  t h e  w a l l ,  
t h e r e b y  g e n e r a t i n g  a  l o t  o f  f r o t h  i n  t h e  downcomer due t o
-  4 1  -
a w a t e r  f a l l  e f f e c t .  Lue t o  t h e  n a r ro w  dov/nflow c r o s s - s e c ­
t i o n a l  a r e a ,  th e  l i q u i d  t e n d e d  t o  c l o s e  t h e  mouth o f  th e  
downcomer, t h e r e b y  b l o c k i n g  t h e  pc^th o f  t h e  c . i sengaged  
v a p o u r .
A t r i a l  was made w i t h  t h e  e d g e s  o f  t h e  downcomer rounded  
o f f  i n  o r d e r  t o  make t h e  l i q u i d  f lo w  down t h e  v /a l l .  T h i s  
improved t h i n g s  a t  low l i q u i d  r a t e s ,  b u t  a t  h i g h e r  r a t e s ,  
b e c a u s e  of  t h e  s m a l l  a r e a ,  i t  s t i l l  t e n d e d  t o  c l o s e  down 
th e  mouth o f  t h e  downcomer.
I t  was o b v io u s  th .  t  c i r c u l a r  downcomers c o n s t i t u t e  t h a  
f i r s t  b o t t l e  n e c k  i n  th e  column c a p a c i t y .  T h e i r  downflow 
a r e a  i s  a rn l l ,  p r e s s u r e  d ro p  i s  h i g h  and v a p o u r  d is e n g a g e m e n t  
i s  p o o r  . T h e i r  i n d u s t r i a l  u se  i s  becom ing  more l i m i t e d ,  
and hence  i t  was d h c id e d  t o  c o n c e n t r a t e  on t h e  s e g m e n ta l  
downcomer.
6 . 3  Hounded Edge w e i r  ( s e g m e n t a l  downcomer)
I n  c a s e  o f  s t r a i g h t  edge w e i r ,  t h e  l i q u i d  s h o o t s  o v e r  
t h e  v /e i r  and c a s c a d e s  i n t o  th e  m id d le  o f  t h e  l i q u i d  p p o l .
I n  o r d e r  n o t  t o  b l o c k  t h e  pa thw ay  o f  t h e  d i s e n g a g e d  v a p o u r  
t h e  l i q u i d  t h r o w  o v e r  t h e  w e i r  h a s  t o  be l i m i t e d  t o  0 . 6  
t i m e s  t h e  downcomer w i d t h .
I t  was t h e r e f o r e  f e l t  t h a t  i f  ro u n d  ed g ed  w e i r  was 
u sed  i n s t e a d  o f  s t r a i g h t  edge w e i r  i t  would keep  t h e  l i q u i d  
n e a r  t h e  segm e.n ta l  b a f f l e  and would d e c r e a s e  t h e  l i q u i d  
th ro w  o v e r .  A n a r r o w e r  downcomer c a n  t h e n  be u s e d ,  t h e r e b y
-  1^ 2 -
i n c r e a s i n g  t h e  a v a i l a b l e  b u b b l i n g  a r e a .
A round  edge w e i r  was t h e r e f o r e  t r i e d .  I t  was fo u n d  
t h a t  i t  d e f i n i t e l y  d e c r e a s e s  t h e  l i q u i d  throw o v e r ,  t h o u g h  
a t  h i g h  l i q u i d  r a t e ,  l i q u i d  d id  n o t  f lo w  down t h e  w a l l .
T here  were no h a r m f u l  e f f e c t s  by way o f  i n c r e a s e  p r e s s u r e  
drojj  e t c .
u u b s e q u e n t  work showed t h a t  i t  . .as n o t  n e c e s s a r y  t o  
l i m i t  t h e  l i q u i d  th ro w  o v e r  t o  0 . 6  t i m e s  t h e  downcomer w id th ,  
t h e r e  i s  no harm i n  l e t t i n g  t h e  l i q u i d  h i t  t h e  to w e r  w a l l ,  
i n s t e a d  o f  c a s c a d i n g  r i g h t  i n t o  t h e  m id d le  o f  t h e  l i q u i d  
p o o l .  Hence i t  would a p p e a r  t h a t  t h e r e  v.ould be no 
a d v a n ta g e  i n  u s i n g  th e  round  edge w e i r .  I t  would o n ly  
i n c r e a s e  t h e  f a b r i c a t i o n  c o s t s .
6 . 4  Use o f  v/irc  mesh
I n  th e  e x p e r i m e n t a l  s i e v e  p l a t e  column, ev e n  v/hen u s i n g  
a c a lm in g  s e c t i o n  g r e ^ . t e r  t h a n  th e  recommended 3 -  ^ i n c h e s ,  
t h e r e  was a l o t  o f  s p l a s h i n g  and s u r g i n g  o f  l i q u i d  o v e r  t h e  
o u t l e t  v /e i r ,  which a l s o  c o n t a i n e d  e n t r a i n e d  vapour* T h i s  
i s  bound t o  i n c r e a s e  t h e  f r o t h  h e i g h t  i n  t h e  downcomer.
S in c e  s e v e r a l  w r i t e r s  have s a i d  t h a t  i f  f r o t h  h e i g h t  i n  t h e  
downcomer r e a c h e s  t h e  t o p  o f  t h e  w n ir  t h e  column would f l o o d ,  
i t  was f e l t  t h a t  i f  f r o t h  v/as p r e v e n t e d  f rom  f l o w i n g  i n t o  
t h e  downcomer i t  would c o n s i d e r a b l y  d e c r e a s e  t h e  f r o t h  
h e i g h t  i n  t h e  downcomer. I t  was t h e r e f o r e  d e c i d e d  t o  
u s e  a w i re  mesh b a f f l e  j u s t  b e f o r e  t h e  w e i r .  I t  w i l l  have 
t h e  added a d v a n ta g e  o f  d i m i n i s h i n g  t h e  s u r g i n g  and
-  ^3 -
s p l a s h i n g  o f  l i q u i d  o v e r  t h e  w e i r ,  t h e r e b y  d e c r e a s i n g  t h e  
l i q u i d  th ro w  o v e r  and a l s o  d e c r e a s i n g  t h e  amount o f  f r o t h  
g e n e r a t e d  i n t o  t h e  downcomer.
u  w i r e  mesh b a f f l e  a b o u t  15  i n c h e s  h i g h  was e x p e r i m e n te d  
w i t h .  D i f f e r e n t  s i s e  m eshes  were a l s o  t r i e d .
I t  was fo u n d  t h _ t  i f  a t h i n  mesh ( l e s s  t h a n  60 mesh) 
i s  u s e d ,  i t  p r e v e n t s  most o f  the  f r o t h  g o in g  i n t o  t h e  
downcomer.  F r o t h  h e i g h t  i n  t h e  downcomer t h e r e f o r e  d e c r e a s e s ,  
a l o t  o f  s u r g i n g  and s p l a s h i n g  i s  e l i m i n a t e d ,  and i n  f a c t  
a t  low l i q u i d  r a t e s  i t  Wus a lm o s t  c lce i r  l i q u i d  i n  t h e  
downcomer.
However,  u s e  o f  w ire  mesh h as  s e v e r a l  d i s a d v a n t a g e s .
( a )  I t  c a n  o n ly  be u sed  i n  c a s e  o f  p u re  l i q u i d  s y s te m s  
v / i th o u t  any s e d im e n t  s .  O th e rw is e  t h e  w i r e  mesh w i l l  g e t  
b lo c k e d  and no l i q u i d  w i l l  be a b l e  t o  f lo w  down.
( b )  B ecause  o f  t h e  e x t r a  r e s i s t a n c e  t o  t h e  l i q u i d  f l o w ,  
e f f e c t i v e  l i q u i d  h e i g h t  on t h e  p l a t e  i n c r e a s e s .  Hence 
t h e  wet p r e s s u r e  d rop  i n c r e a s e s .  A l s o  f r o t h  h e i g h t  on 
t h e  p l a t e  i n c r e a s e s  c o n s i d e r a b l y .  I f  t h e  f r o t h  h e i g h t  
became e q u a l  t o  t r a y  s p a c i n g  th e  column would f l o o d .
Thus t h e  a d v a n ta g e  o f  d e c r e a s i n g  t h e  f r o t h  h e i g h t  i n  
t h e  downcomer wa^ l i m i t e d  by th e  i n c r e a s e  i n  the- f r o t h  h e i g h t  
on t h e  p l a t e .  I t  was t h e r e f o r e  d e c i d e d  t o  t r y  t h e  w ire  
mesh a f t e r  t h e  o u t l e t  w e i r  o v e r  t h e  downcomer. Here  i t  
v/as found  t h a t  d i s e n g a g e d  v a p o u r  i n  t h e  downcomer g o t  
b lo c k e d  and had  t o  be v e n t e d  t o  t h e  u p p e r  u l a t c  b e f o r e  t h e
—  I j l l  —
M e asu rem e n t  o f  s u r f a c e  t e n s i o n
V a lu e s  f ro m  I n t e r n a t  i o n  C r i t i c a l  t a b l e s
L i q u i d  S u r f a c e  t e n s i o n
de g r e e s / c m .  ( 2 0 ^ 0 . )
Benzene  2 8 .9
T o lu e n e  2 8 . 1;
G l y c e r o l  63*^
R e s u l t s
S o l u t i o n s  S u r f a c e  t e n s i o n
cUug-ji^ccs /  cm.
Gly c e r  i  ne -  v/a t  e r  
37/v G l y c e r i n e  by w t .
= S o l .  A 5 6 . 7
c u . f t . o f  
S o l .  A + ^  gm o f  sod ium
l a u r y l  s u l p h a t e  5 3 - 9
c u . f t .  o f  
S o l .  A + 1 gm o f  
so d iu m  l a u r y l  s u l p h a t e  . 9
54  c u . f t .  o f  S o l .  A 
34 gm o f  sod ium  
l a u r y l  s u l p h a t e  1 |6 .8
54 c u . f t . o f  S o l .  A
+ 104  gms. o f  sodium
l a u r y l  s u l p h a t e  U7-0
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column would f u n c t i o n  a g a i n .  V a r i o u s  m e thods  o f  v e n t i n g  
were t r i e d  w i th  s u c c e s s .  However,  a s  w i l l  be s e e n  f rom  
t h e  r e m a i n d e r  o f  t h e  s t u d i e s ,  d i s c o v e r i e s  were  made which  
o b v i a t e d  th e  need f o r  su c h  d e v i c e s .
6 . 5  M easurem ent o f  th e  s u r f a c e  t e n s i o n .
The s t a t i c  s u r f a c e  t e n s i o n  o f  t h e  s o l u t i o n s  were m easu red  
by  means o f  du  Nouy t o r s i o n o m e t e r . The i n s t r u m e n t  was 
f i r s t  c a l i b r a t e d  by u s i n g  T o lu e n e ,  Benzene and G l y c e r o l .
R e s u l t s  a r e  g i v e n  i n  F i g u r e  V I - 1 .
I t  was found  t h a t  t h e  s t a t i c  s u r f a c e  t e n s i o n  o f  t h e
g l y c c - r i n e - w a t e r  s o l u t i o n  u s e d  i n  t h e  e x p e r i m e n t s  was lov/er  
t h a n  th e  s u r f a c e  t e n s i o n  of g l y c e r i n e  o r  t h a t  o f  w a t e r .
T h i s  was due t o  t h e  s u r f a c e  a c t i v e  i m p u r i t i e s  p r e s e n t  i n  
t h e  t a p  w a te r  which  was u s e d  f o r  g l y c e r i n c - w a t e r  s o l u t i o n .  
A d d i t i o n s  o f  sodium l a u r y l  s u l p h a t e  low ered  t h e  s t a t i c  
s u r f a c e  t e n s i o n  o f  th e  s o l u t i o n  u n t i l  i t  r e a c h e d  minimum. 
F u r t h e r  a d d i t i o n s  of  sodium l a u r y l  s u l p h a t e  t o  t h e  s o l u t i o n  
d i d  n o t  change  th e  s t a t i c  s u r f a c e  t e n s i o n .  However,  t h e  
f r o t h a b i l i t y  o f  t h e  s o l u t i o n  c o n t i n u e d  t o  ch a n g e .  The 
f r o t h  was becom ing  more and more p e r s i s t e n t .  These  
o b s e r v a t i o n s  art ,  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  Mr. Andrews^^r  
He found  t h a t  t h e  v i s c o c i t y  and t h e  s u r f a c e  t e n s i o n  o f  
a s i n g l e  component l i q u i d  i n  th e  a b s e n c e  o f  mass t r a n s f e r  
h a s  no s i g n i f i c a n t  i n f l u e n c e  on t h e  f r o t h i n g  a b i l i t y .
Mr. Andrews^^ h a s  s u g g e s t e d  t h a t  t h e  dynam ic r i s e  i n  su r fa c e -
t e n s i o n  o f  a tw o - c o m p o n e n t  l i q u i d  i s  t h e  p r i n c i p a l  f o r c e
-  45 -
s t a b i l i s i n g  t h e  f r o t h ,
Dynamic s u r f a c e  t e n s i o n  can  b e  m easu red  by  t h e  method 
o f  o s c i l l a t i n g  j e t s . I f  a j e t  i s s u e s  f rom an  o r i f i c e  
w h ic h  i s  n o t  c i r c u l a r ^  t h e  s u r f a c e  t e n s i o n  commences t o  
r e c t i f y  t h e  d e p a r t u r e  f rom  a c i r c u l a r  s e c t i o n  i n  t h e  j e t , 
and  t h e  momentum o f  t h e  l i q u i d  c a u s e s  t h e  j e t  t o  become 
u n s y m m e t r i c a l  a g a i n  a f t e r  p a s s i n g  th r o u g h  a c i r c u l a r  fo rm .  
Nodes and s w e l l i n g s  a p p e a r  p e r i o d i c a l l y  on t h e  j e t  when 
s e e n  f rom one s i d e , and from  t h e i r  d i s t a n c e  a p a r t  t h e  dynamic 
s u r f a c e  t e n s i o n  may b e  c a l c u l a t e d .  The t h e o r y  o f  o s c i l l a t i o n  
o f  j e t s  i s  g i v e n  by  B o h r^ ^ .
- 4 6 -
T a b u l a t e d  R e s u l t s : (Downcomer)
T a b le  1
Downcomer w i d th  = 5'^
L i q u i d  s y s te m :  G l y c e r i n e  -  w a te r
Gone. : 3T/^ G l y c e r o l  by  v/t.
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  3 3 % .  and LL}..84 I b s . / s q . i n . )
E x p e r im e n t  No. 1 . 1 1 . 2 1 . 3 1 .4
—  —  
1 . 5
R o t a m e t e r  R e a d in g 10 15 20 25 30
L i q u i d  R a te  g pm 8 .3 5 1 2 .5 1 6 .7 2 0 .6 5 2 5 . 0
F r o t h  H e i g h t  i n s . . 8 . 5 9 .2 5 9 .7 5 9 .8 7 9 .7 5
S t a t i c  Head i n s .  l i q . 5 . 8 3 6 .1 7 6. i)0 6 . 5 9 6 .7 8
A e r a t i o n  f a c t o r 0 .6 8 6 0 . 6 6 7 0 .6 5 7 0 . 6 7 2  () .6 8 3
R e s id e n c e  t im e  
( T o t a l  V o l . ) s e c . 3 4 .3 2 2 .9 1 7 .1 1 3 .6 5  :11.40
True  R e s id e n c e  
t im e  s e c . 1 2 .4 6 8 . 8 8 6 .9 8 5 .5 5 4 . 6 5
P r e s s u r e  b u i l d  
up ( i n s .  w a t e r ) — — — 0 . 1 0 . 1
V e l o c i t y  o f  l i q .
f t  . / m i n .
3 . i i9 5 . 2 3 6 .9 8 8 . 7 2  ;10.45
Head l o s s  ( h d . ) i n s .  
l i q .
0 . 1 0 . 1 0 . 1 0 . 1 0 . 1
Q u a n t i t y  o f  a i r  
d ra g g e d  down by  l i q .  
c u . f t . / m i n .
— - 0 .3 5 0 . 5 5 0 . 7 5
-  4 7  -
T a b u l a t e d  R e s u l t s ;  ( Downcerner )
T a b le  1 c o n t .
E x p e r im e n t  No. 1 . 6 1 .7 1 .8 1 . 9
R o t a m e te r  R e ad in g 35 40 50
L i q u i d  R a te  g pm 2 9 .2 3 3 .4 3 7 .6 4 1 . 7
F r o t h  H e ig h t  i n s . 1 0 .0 1 0 .0 1 0 .0 1 0 . 0
S t a t i c  Head i n s .  l i q . 6 .9 2 7 .0 7 7 . 2 6 7 . 4 1
A e r a t i o n  f a c t o r 0 . 6 9 2 0 .7 0 7 0 . 7 2 6 0 . 7 4 1
R e s id e n c e  t im e  
( T o ta l  V o l .  ) s e c . 9 .8 0 8 .5 7 . 6 6 . 8 5
T rue  R e s id e n c e  
t im e  s e c . 4 .1 0 3 .5 8 3 .1 8 2 . 8 6
P r e s s u r e  b u i l d  
up ( i n s .  w a te r ) 0 . 1 0 .1 5 0 . 1 5 0 . 2
V e l o c i t y  o f  l i q .
f t  . / m i n . 1 2 .2 0 1 3 .9 5 1 5 . 7 0 1 7 . 4 5
Head l o s s  ( h d . )  i n s .
l i q . 0 . 1 5 0 .1 5 0 . 3 0 . 3
Q u a n t i t y  o f  a i r  
d ra g g e d  down by l i q .  
c .  f t  . / m i n .
1 .0 5 1 .3 0 1 .6 0  
___ ___
1 . 9 5
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T a b u l a t e d  R e s u l t s :  (Downcomer)
T a b l e  2 
Downcomer w id th  = 3 .^ 2 5  i n s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a te r
Cone.  : 37/^ G l y c e r o l  by v/t .
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  33^0.  and 1 4 . 8 4  I b s . / s q . i n . )




; R o t a m e t e r  R e ad in g
i 7 . 5
1 0 .0 15 20 25
I
L i q u i d  r a t e  g pm 6. 26 8 .3 5 1 2 .5 1 6 .7
. . .
2 0 .6 5
i
F r o t h  H e ig h t  i n s . 9 .5 1 0 .0 1 0 .7 5 1 1 .0 1 0 .7 5
: S t a t i c  Head i n s .  l i q . 5 .5 9 5 . 8 3 6 . 1 7 6 .5 0 6 .7 9
1 A e r a t i o n  f a c t o r 0 . 5 9 0 . 5 8 0 .5 7 2 0 . 5 9
. .  .
0 . 6 3
R e s id e n c e  t im e  
1 ( T o t a l  V o l . ) s e c . 3 1 . 8 2 3 .7 1 5 .8 5 1 1 .8 8 9 . 5
t
: T ru e  R e s id e n c e  
t im e  s e c . 1 2 .6 9 .8 7 7 .1 4 5 . 3 3 4 . 1
P r e s s u r e  b u i l d  
up ( i n s .  w a t e r ) — 0 . 1 0 0 .1 5 0 .1 5 0 . 2
V e l o c i t y  o f  l i q .  f t /
m in .
3 .7 4 5 . 0 1 1 0 .0
___________________
1 2 .5 2
i Head l o s s  ( h d . )  i n s .  
i l i q . 0 . 1 0 . 1
.....................  J
0 . 2 0 . 2 0 . 2 5
i Q u a n t i t y  o f  a i r  
d r a g g e d  down by l i q .  
c u . f t . / m i n .
0 .2 5 0 . 5  ■ 0 . 7 5
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T a b u l a t e d  R e s u l t s :  (Downcomer)
T a b le  2 c o n t d .
E x p e r im e n t  No.
•1
2 . 6 2 . 7
,









L i q u i d  R a te  g pm 2 5 . 0 2 9 . 2 33 .4 3 7 . 6
. .
4 1 . 7
L  _
F r o t h  H e ig h t  i n s . 1 0 .5 10 10 10 10
S t a t i c  Head i n s . l i q . 6 . 9 3
. ..
7 . 1 7 7 . 3 7 7 . 6 1 7 . 7 6
A e r a t i o n  f a c t o r 0, 66 0 . 7 1 7 0 . 7 3 7
f-
0 . 7 6 1 0 . 7 7 6
R e s i d e n c e  t im e  
( T o t a l  V o l . ) s e c . 7 . 9 6 . 8 5 . 9 4 5 . 2 7 4 . 7 5
T rue  R e s id e n c e  
t im e  s e c . 3 .4 5 2 .8 3 12.37
.... ........
2 . 1 9
' ■■ 
1 . 9 7 5
P r e s s u r e  b u i l d  




!0 .5 0 . 3 0 . 3 7
V e l o c i t y  o f  l i q .  f t /
m in . 1 5 . 0 1 7 . 5
1
I 2 0 .0 2 2 . 5 5
..
2 5 . 1 0
Head l o s s  ( h d . )  i n s .
...................l i a . 0 .2 5 0 . 3 0 . 3 5 0 . 3 5 0 . 4 0
Q u a n t i t y  o f  a i r  
! d r a g g e d  down by  l i q .  




1 .1 i i . 3 7i 1 . 7 5
2 .0
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T a b u l a t e d  R e s u l t s : (Downcomer)
T a b le  3 
Downcomer w id th  = 2 . i |8  i n s .
L i q u i d  s y s te m :  G l y c e r i n e  -  w a t e r  
Cone. : 37/0 G l y c e r o l  by v/t.
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  3 3 % .  and 1 4 .8 4  I b s / s q .  i n .  )
E x p e r im e n t  No. j
—
3 .1 3 . 2  1 3 . 3 3 . 4 3 . 5
■ - —- " ., . . - ...| 
R o t a m e te r  R e a d in g  |
1
Î
7 .5 1 0 .0 1 5 . 0 2 0 . 0 2 5 . 0
j..........................  t
L i q u i d  R a te  g pm 6 . 2 6
........
8 . 3 5 1 2 . 5 1 6 . 7 2 0 . 6 5
F r o t h  H e i g h t  i n s .  j 1 1 .0 1 1 .0 1 0 . 7 5 m ,  25
'
1 0 .0
............... ....... . ......... —  — t
S t a t i c  Head i n s .  l i q .  |
.......V ... 1
5 . 5 9 5 . 8 3 6 . 1 7 6 . 5 0 6 . 7 9  !
i
1
A e r a t i o n  f a c t o r  '1!
0 .5 0 7 0 . 5 3 0 . 5 7 3 0 . 6 3 4 0 . 6 7 9
R e s id e n c e  t im e  
( T o t a l  V o l . ) s e c . 2 3 .2 1 7 .2 8 1 1 . 5 5 8 .6 8 6 . 9 2 i., — -
T ru e  R e s id e n c e  t im e  
s e c . 1 0 .6 7 . 9 5 . 1 6 3 . 6 9 2 . 8 7
1
P r e s s u r e  b u i l d  up 
( i n s .  w a te r ) 0 . 1 0 . 1 5 0 . 2 0 . 2 5 0 . 3
V e l o c i t y  o f  l i q .  f t / i i n 5 . 1 8 6 .9 5
J
1 0 . 3 5 1 3 . 9 0 1 7 . 3 5
Head l o s s  ( h d . ) i n s .
I l i a . 0 . 1 I0 . I 5 0 . 2 0 . 2 0 . 2 5
i Q u a n t i t y  o f  a i r  
(dragged down by  l i q .  
j c . f t . / m i n .
1
i
0 . 3 5 0 . 6 5 0 . 9 5
-  51 -
T a b u l a t e d  R e s u l t s :  (Downcomer)
Tcible 3 c o n t d .





j R o t a m e te r  R ead in g
I
3 0 , 0 3 5 . 0 4 0 . 0
I
4 5 . 0
\
5 0 . 0  1
I
! L i q u i d  R a te  g pm
i
2 5 . 0 2 9 . 2
1 '
3 3 . 4 3 7 . 6
j_ ____
4 1 . 7
1
j F r o t h  H e ig h t  i n s .
1
1 0 .0 9 . 5 9 . 5 9 . 0 9 . 0
S t a t i c  Head i n s .  l i q . 6 . 9 3 7 . 1 7 7 . 4 7 7 . 7 1 7 .8 1
---- - ............. . ...
i t e r a t i o n  f a c t o r
1
0 . 6 9 3
L , ---------
0 . 7 5 5 0 . 7 7 0 . 8 5 6 0 . 8 6 7
R e s id e n c e  t im e  
( T o t a l  V o l . ) s e c . 5 . 7 6 4 . 9 5 4 . 3 2 3 .8 4 3 .4 5
T ru e  R e s i d e n c e  t im e  
s e c . 2 . 4 1 . 9 6 1 . 7 2 1 .4 8 1 . 2 9
{ P r e s s u r e  b u i l d  up 
j ( i n s .  W ater) 0 . 3 0 . 3 5 0 . 4 Ü. 4 5 0 .4 5
U "  ' — . ..... ... '
i  V e l o c i t y  o f  l i q ,  
j f t / m i n . 2 0 . 7 5 2 4 . 2 0 2 7 . 8 3 1 . 2 3 4 . 7
1 Head l o s s  (hd.) i n s .
l i q .
r  — ....
0 . 2 5 0 . 3 0 . 3
;
0 .^ 0 .4
Q u a n t i t y  o f  a i r  
1 d r a g g e d  down by l i q .  
j c . f t . / m i n .
1 . 3 0
i
1 . 5 5
1
1 . 6 5 1 . 8 5
_____ i
1 . 9 7
-  5 2  -
T a b u l a t e d  R e s u l t s :  (Downcomer)
T ab le  4
Downcomer w id th  = 1 .5 ^  i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r
Gone. : 37/^ G l y c e r o l  by  w t .
A i r  r a t e s  300 c u . f t . / m i n .  ( a t  3 3 % .  and 11^.84 I b s . / s q . i n . )
E x p e r im e n t  No. 4 . 1 4 . 2 4 . 3 4 . 4 4 . 5
R o t a m e t e r  R e a d in g 5 7& 10 15 20
1
L i q u i d  R a te  g pm 4 .1 7 5 6 . 2 6 8 .3 5 1 2 .5
1
1 6 ,7
F r o t h  H e ig h t  i n s .
-, “ - --
1 3 . 0 1 2 .0 1 1 .0 1 0 .5 1 0 ,0
S t a t i c  Head i n s .  l i q . 5 .3 4 5 .5 9 5 .8 1 5 6 . 1 6 6 . 5 0
A e r a t i o n  f a c t o r 0 . 4 1 0 .4 6 5 0 .5 2 6 0 . 5 8 7 0 . 6 5 i
i R e s i d e n c e  t im e  
( T o t a l  v o l . ) s e c .
21. 2 1 4 .3 5 1 0 .7 7 .1 5 5 . 3 6
T ru e  R e s i d e n c e  t im e  
s e c . 1 1 .6 7 .1 7 4 . 9 3 . 0
11
2 . 2 3  !
P r e s s u r e  b u i l d  up 
( i n s .  w a t e r ) 0 . 1 5 0 . 2 0 .2 2 5 0 . 3 3 .3 7
V e l o c i t y  o f  l i q .
f t  . / m i n . 5 .6 2 8 . 3 7 11. 25: 1 6 .7 5 2 2 . 4 0  '
Head l o s s  ( h d . )  i n s .
l i q . 0 . 0 5 0 . 1 5 0 . 1 5 0 .1 5 0 . 2 5
Q u a n t i t y  o f  a i r  
d ra g g e d  down by l i q .
c .  f t  . / m i n .
0 . 2 0 . 3 7 10.55 0 . 6 5 1 . 0
-  53 -
T a b u l a t e d  R e s u l t s  : (L‘ov/ncomer)
T a b le  l\ c o n t d .




4 . 8  1 4 . 9
, - — 
4 . 1 0
R o t a m e te r  R e a d in g 25 30 35 40 45
L i q u i d  R a te  g pm 2 0 . 65
1
2 5 .0 29. 2 33 .4 3 7 .6
F r o t h  H e ig h t  i n s . 9 . 5  j 9 . 0  
-1 .
8 . 5 8 . 0 8 . 0
S t a t i c  Head i n s . 6.795} 7 . o8 7 . 5 2 8 . 0 8 .4 2
A e r a t i o n  f a c t o r 0 . 7 1 5 0 . 7 8 7 0 . 8 8 5 1 . 0' 1 .0 5
R e s id e n c e  t im e  
T o t a l  V o l .  s e c . 4 . 2 8 3 . 5 7 3 . 0 7 2 .6 8 2 .3 8
T rue  R e s id e n c e  
t im e  s e c . 1 . 6 9 1 .3 4 1 . 0 5 9 0 . 8 9 0 . 7 9
P r e s s u r e  b u i l d  up 
( i n s .  w a t e r ) 0 . 4 5 0 . 5 0 0 . 6 0 . 9 1 . 2
V e l o c i t y  o f  l i q .
f t  . / m i n 2 8 . 10 33 .70 3 9 . 2 0 }45*0
1
5 0 . 5
!1
Head l o s s  ( h d . )  i n s .  L
l i q .  1 0 .3
......... 1............ 0 . 4
1
1
0 . 5 5  ' 0 . 6
1 0 . 7
Q u a n t i t y  o f  a i r  
d r a g g e d  dov/n hy  l i q .  
c A . / m i n . 1 . 3 1 . 5
------  j"
1 .7 5  | 2 . 0
!
2 .2 0
-  5 4  -
T a b u l a t c d  R e s u l t s  : ( Lq v*fn c orne r  )
T cible 5
Sowncoraer w id th  = 2 . I48 i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a te r  + ^  gm. Na. l a u r y l
s u l p h a t e  i n  5 -^  cu f t .  o f  s o l .
G o n e . : 37L G l y c e r o l  by  wt.
A i r  r a t e s  300 c u . f t . / m i n .  ( a t  33^0.  and l i ; . I b s . / s q . i n .  )
E x p e r im e n t  No. 5 . 1
[
5 . 2 5 . 3 5 .4 . . . . . 6
R o t a m e t e r  R ead in g 5 10 20 30 40 45 1
n i q u i d  r a t e  g prn 4 . 1 8 8 .3 5 1 6 .7 2 5 .0 3 3 .4 3 7 . 6
F r o t h  H e ig h t  i n s . 14
1
1 2 . 7 5 j 1 1 .5 1 0 .5 9 .5 9 . 5
S t a t i c  Head i n s .  l i q . 5 .2 8 5 .6 7 6 . 3 5 6 .9 3 7 .3 7 7 .6 6
a e r a t i o n  f a c t o r 0 . 3 7 7 0 . 4 4 5 0 . 5 5 0 . 6 6 0 . 7 7 8 O.8O7
R e s id e n c e  t im e  
( T o t a l  V o l . ) s e c . 3 4 . 6 1 7 .2 8 8 .6 5 5 .7 6 4 . 3 2
i
3 .84
P r e s  s u r e  . . b u i l d  up., 
i n s .  w a t e r .
0 . 1 0 . 2 0 .  2 0 . 3 0 . 5 0 . 5
V e l o c i t y  o f  l i q .  
f t . / m i n . 3 . 4 7 6 .9 5 1 3 .9 0 2 0 .7 5 2 7 .8 0 3 1 .2 0
Head l o s s  ( h d . ) i n s .
l i q . 0 . 1 0 . 2 0 . 3 0 . 5 5 0 .7 5 0 . 7 5
Q u a n t i t y  o f  a i r  
d ra g g e d  down by l i q .  
c u .  f t  . /m i l l . - 0 . 3 0 .9 5 1 . 5 2 . 0 2 .5
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T a b u l a t e d  R e s u l t s ; ( Downcorner)
T a b le  6
Dov/ncomer w id th  = 1 ,5 ^  i n c h e s .
L i q u i d  s y s tem :  G l y c e r i n e  -  w a te r  + ^  gm. o f  Na l a u r y l
s u l p h a t e  i n  3^  c u . f t .  .
C o n e . :  37/0 G l y c e r o l  by wt.
A i r  r a t e :  300 c u . f t / m i n .  ( a t  33^0 .  and  II4. 8ij l b s . / s q .  i n .  )
e x p e r i m e n t  No. 6 . 1 6.  2 6 . 3 6 .k 6 . 5 6 . 6
R o t a m e t e r  H ead in g 3 5 10 20 30 40
L i q u i d  H ate  g pm 2 .5 4 . 18 8 .3 5 1 6 . 7 2 5 .0 3 3 . 4
F r o t h  H e i g h t  i n s . 18 15 12.  25 1 0 .2 5 9 .7 5 9 .2 5
S t a t i c  Head i n s .  l i q . 5 .14 5 .L3 5 . 8 7 7 .1 7 8 . 1 8
A e r a t i o n  f a c t o r 0 .  286 0 .3 6 2 0.U78 0 . 6 2 k 0 .7 2 5 0 . 8 8 3
R e s i d e n c e  t im e  
( T o t a l  V o l . )  s e c . 3 5 .7 21.  2 1 0 .7 5 .3 6 3 .5 7 2 . 6 8
P r e s s u r e  b u i l d  up 
( i n s .  W ater) 0 . 1 5 0 . 2 0. 2 O .k 0 . 7 5 1 . 1
V e l o c i t y  o f  l i q .
f t / m i n . 3 .37 5 . 6 2 1 1 .2 5 2 2 . kO 3 3 .7 0 4 5 . 0
Head l o s s  ( h d . )  
i n s .  l i q . 0 . 0 5  ' 0 . 0 5 0 .  2 0 . 2 0 . 6 0 . 7
ic juan t i ty  o f  a i r  
d ra g g e d  down by l i q .  
c u . f t . / m i n .
0 . 2 0 .3 5 0 . 5 5 1 . 6 2 . 0 2 .5 5
-  5 6  -
T a b u la te d  R e s u l t s ; (Dovmcomer)
T ab le  7
jJowncomer w id th  = 2 .^8  i n c h e s .
L iq u id  sys tem : G ly c e r i n e  -  w a te r  + 1 gm. Na l a u r y l
s u l p h a t e  i n  5 i  c u . f t . o f  s o l .
G one .:  37/^ G l y c e r o l  by wt.
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  33^0. and lU .ôb  I b s . / s q .  i n . )
E xper im en t  No. 7 .1 7 .2 7 .3 7 . 4 7 . 5 7 . 6 7 . 7  i
R o ta m e te r  R ead ing 3 5 10 20 30 40
!
50  i
L iq u id  R a te  g pra 2 .5 4 . 1 8 8 .3 5 1 6 . 7 2 5 . 0 33.4 4 1 . 7  1
Î
F r o t h  H e ig h t  i n s . F u l l 16 .5 1(4.5 1 3 . 5 1 2 . 5 1 1 .0
f
10 .5  it
S t a t i c  Head i n s /  l i q . 5 .04 5 .4 2 5 . 9 0 6 . 4 3 7 . 0 2
}
7 . 5 1 1
J
. . e r a t i o n  f a c t o r 0 .3 0 5 0 .3 7 4 0 . 4 3 7 0 . 5 1 4 0 .6 3 7 0 . 715-
R e s id e n c e  t im e 
( T o t a l  V o l . )  s e c . 3^1.6 1 7 . 28 8 . 6 5 5 . 7 6 4 . 3 2
' i
i
3 .4 5  ;
P r e s s u r e  b u i l d  
u p ( i n s .  w a te r ) 0 .1 5 0 . 1 5 0. 2 0 . 3 0 .5 5
i
i
0 .8 0  ; 
1
V e l o c i t y  o f  l i q .
f t . / m i n . 3 .4 7  : 6 .9 5 1 3 . 9 0 2 0 . 7 5 2 7 . 8 0
!
3 4 . 7 1
Head l o s s  ( h d . )  
i n s .  l i q . 0 . 2 0 . 2 0 . 3 5 0 .4 5 0 .8  ;
i
0 . 9  !
q ,u a n t i ty  o f  a i r  
d ragged  down by l i q .  
c u . f t / m i n . 0 .7 5 1 .2 0 2 .35 2 . 5 0 2 .8 5
IÎ
3 . 4 0  i
i
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T a b u l a t e d  R e s u l t s ; (Bowiicomer)
T a b le  8
Dovmcomer w id th  = 2 .^ 8
L i q u i d  sy s tem ;  G l y c e r i n e  -  w a te r  + 1& gm. Na l a u r y l
s u l p h a t e  i n  c.  f t .  o f  s o l .
G one . ;  37'^ G l y c e r o l  by wt.
A i r  r a t e :  300 cu. f t . / m i n .  ( a t  33°G. and l l \ . 0 k  l b s . / s q .  i n .  )
L x p ero i ien t  No. 8 . 1 8 .2 8 .3 8 . 4 8 . 5 8 . 6
R o ta m e te r  R ead ing 5 10 20 30 40 50
L iq u id  R a te  g pra 4 .1 8 8 .3 5 1 6 .7 2 5 . 0 3 3 . 4 4 1 . 7
F r o t h  H e ig h t  i n s . 21 .5 1 6 .5 1 4 .5 13 1 1 . 5 1 0 .5
S t a t i c  Head i n s .  l i q . 4 .7 4 5 .2 3 5 .8 1 6 . 5 4 7 . 1 2 7 . 6 5
A e r a t i o n  f a c t o r 0.  22 0 .3 1 7 0 .4 0 0 . 5 0 3 0 . 6 2 0 . 7 2 8
R e s id e n c e  t im e  
( T o t a l  v o l . ) s e c . 3 4 .6 17 .28 8 .6 5 5 . 7 6 4 . 3 2 3 .4 5
P r e s s u r e  b u i l d  up 
i n s .  w a te r 0 . 2 0 . 2 0 .2 5 0 . 3 0 . 5 0 . 8
V e l o c i t y  of  l i q .
f t . / m i n . 3 .4 7 6 .9 5 13 .90 2 0 . 7 5 2 7 . 8 0 3 4 . 7
Head l o s s  ( h d . )  i n s .
l i q . 0 .0 5 0 . 0 5 0 .  2 0 . 4 0 . 6 5 0 . 8
Q u a n t i t y  o f  a i r  
d rag g ed  down by l i q .  
cu.  f t  . / m i n . 1 .5 2 .0 3 . 4 3 .6 4 . 0 4 . 5
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T a b u la te d  R e s u l t s :  (*Dov/ncomer)
Tab le  9
Lov/ncomer w id th  = 1.5^1 i n c h e s .
L iq u id  sys tem :  G l y c e r i n e  -  w a te r .
Gone.:  37'ô G l y c e r o l  by wt.
L iq u id  r a t e :  12 .5  g pm
A i r  a t  33^6.  and II4 . 8i.j l b s . / s q .  i n .
E xp er im en t  no. 9 .1 9 . 2 9 .3 9.4 9 .5 9 . 6 9 . 7
P r .  d rop  a t  th e  
o r i f i c e  i n s .  w a te r 3 4 5 6 7 8 9
.
A i r  R a te  c u . f t . / m i n . 232 270 300 330 357 381 405
Pa 1 . 1 1 1 .2 8 1 .425 1 .5 1 1 .6 9 1 .8 1
■ ■ -- ■ ' 
1 .9 3  '
F r o t h  H e ig h t  i n s . 10 .5 10 .75 1 1 . 0 11 .5 12 . 25 12 .75 13 . 25 ;
S t a t i c  head i n s .  l i q . 5 .9 8 6 .1 2 6 . 1 6 6 .3 9 6 .6 7 6 .9 1 7 .0 9  ! !
A e r a t i o n  f a c t o r 0 . 5 7 0 .5 7 0 .5 6 0 .5 5 5 0 .5 4 5 0 . 5 4 2 0 . 5 3 4
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T a b u la t e d  R e s u l t s ;  ( Lovvncomer)
T a b le  10
Bowncomer width = 1.54 inches 
Liquid system: Glycerine - water 
Cone.: 57j Glycerol by wt. 
Liquid rate: 25 g pm 
Air at 55^0. and 14.84 lbs./sq.in.
1
Expe r ime nt  no. 10 .1 10. 2 10 .3 10.4 10 .5 10 .6
i
1 0 . 7  i
t
P r .  d rop a t  th e  





A i r  r a t e  c u . f t , / m i n . 232 270 300 330 357 381
1
405  I
Pa 1 .11 1 .2 8 1.4 25 1 .5 1 1 . 6 9 1 .81
...... ...... j
1 . 9 3
P p o t h  H e i g h t  i n s . 8 .5 9 .0 9 .2 5 9 .7 5 10 .0 1 0 . 5
i
1 1 . 0  I
, , ... i
S t a t i c  head i n s ,  l i q . 7 .0 8 7 .18 7 .3 1 7 .4 5 7 . 6 4 7 . 8
I
7 .96  i
A e r a t i o n  f a c t o r 0 .8 3 3 0 .7 9 5 0 .7 9 0.764 o .7 6 4 | 0 . 7 3 2
>
0 . 7 2 5 I
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T a b u l a t e d  R e s u l t s  (T ray )
T ab le  11
Liquid system: Glycerine - water
Gone. ; 37/^  Glycerol by wt.
Air rate: 300 cu. ft./min. (at 33^0. and 14.84 Ibs./sq. in. ) 
Dry pressure drop: 1.33 inches v/ater 
Downcomer width = 3 inches.
E x p e r im e n t  no. 1 1 .1 11. 2 11. 3 11.4 1 1 .5
R o ta m e te r  r e a d i n g 10 15 20 25 30
L iq u i d  r a t e  g pm 8 .3 5 1 2 .5 16. 7 20 .65 2 5 . 0
F r o t h  h e i g h t  i n s .  
( c e n t r e ) 6 .0 6 .5 6 .7 5 7 .0 7
S t a t i c  head 
( c e n t r e )  i n s .  l i q . 1 .7 5 1 .8 0 1 .9 0 2 .0 2 .1
F r o t h  h e i g h t
( o u t l e t  w e i r )  i n s . 4 . 0 4 .2 5 4 . 5 4 .7 5 5 .0
S t a t i c  head
( o u t l e t  w e i r )  i n s .  
l i q .
2 .6 5 2 .70 2 .8 5 2 .9 5 3 .1
T o t a l  p r e s s u r e  d rop  
i n s .  w a te r 3 . 3  ' 3 .3 5 3 .4 5 3 .5 5 3 .6 5
A e r a t i o n  f a c t o r 0 . 5 3 3 .525 0 .534 0 .5 4 7 0 .5 5 6
C a l c u l a t e d  c r e s t  
o v e r  w e i r  (how) i n .  
l i q .
0 .  378 0 .4 9 5 0 .6 0 2 0 .694 0 .7 8 6
L i q u i d  th ro w  o v e r  
w e i r  a t  22 i n s . ( i n s . ) 3 .5 4 4 . 5 h i t s
W1
opp.
i l l .
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T a b u la t e d  R e s u l t s  (T ray )
T a b le  11 c o n td .
E x p e r im e n t  no . 1 1 .6 1 1 .7 1 1 .8 1 1 .9
R o ta m e te r  r e a d i n g 35 40 45 50
L iq u id  r a t e  g pm 2 9 .2 33.4 3 7 .6 4 1 . 7
F r o t h  H e ig h t  i n s .  
( c e n t r e ) 7 .2 5 7 .5 8 8 . 5
S t a t i c  Head i n s .  l i q .  
( c e n t r e ) 2. 2 2 .3 2 .3 2 .35
F r o t h  H e ig h t  i n s .  
( o u t l e t  w e i r ) 5 .0 5 .0 5 .0 5 .0
S t a t i c  Head i n s .  l i q .  
( o u t l e t  w e i r ) 1 .2 3 .3 3 .35 3 .40
T o t a l  p r e s s u r e  d rop  
( i n s .  w a te r ) 3 .7 5 3 .9 4 . 0 4 .1 5
A e r a t i o n  f a c t o r ! 0 . 5 7 0 .5 9 1 0 .6 0 2 0 .6 2 5
C a l c u l a t e d  c r e s t  
o v e r  w e i r  (hov/) i n .  
l i q .
0 .8 7 3 0 .9 5 5 1 .0 3 5 1 .1 1
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T a b u l a t e d  R e s u l t s  (T ray )
T a b le  12
L iq u id  sy s tem :  G l y c e r i n e  -  w a te r  
Gone. :  37 -  G l y c e r o l  by wt.
L iq u id  r a t e ;  1 2 .5  g pm
A i r  a t  33°G. and 14 .84  I b s . / s q . i n .
Lowncomer w id th  = 1 .54  i n s .
C a l c u l a t e d  h e i g h t  o f  c r e s t  o ve r  w e i r  = 0 .4 9 5  i n s .  l i q .
hw + how = 3 .4 9 5  i n s .  l i q .
E x p e r im e n t  no. 1 2 .1 12. 2 : 1 2 .3 1 2 . 4 1 2 . 5 12 .6
P r e s s u r e  d rop  a t  t h e  
o r i f i c e  ( i n s .  w a te r ) 3 4 5 6 7 9
A i r  r a t e  c u . f t . / m i n 232 270 300 . 330 357 405
Hole v e l o c i t y  f t . / s e c , 4 2 . 3 4 8 . 9 54 .4 5 9 . 7 6 4 .6 7 2 . 3
Pa 1 .1 1 1 .2 8 1 .4 2 5 1 . 5 7 1 . 6 9 1 . 9 3
PpOth h e i g h t  i n s . 6 6& : 65 7 74 o s c i l ­
l a t i o n s
Dry p r e s s u r e  d rop  
i n .  l i q . 0 .7 7 1 .0 1 1 .2 3 7 1 .4 7 1 . 6 9 5 2 . 1 7 5
C a l c u l a t e d  d ry  p r e s ­
s u r e  d rop  i n .  l i q . 0 .5 8 6 0 .7 8 0 . 9 6 4 1 . 1 6 5 1 . 3 5 1 . 7 1
T o t a l  p r e s s u r e  d rop  
i n s .  w a te r 3 .2 5 3 .4 0 3 . 5 5  ■3 . 7 5 4 . 0 4 . 3 5
A e r a t i o n  f a c t o r 0 .6 3 0 .6 0 5 0 . 5 7 5 0 . 5 6 5 0 . 5 6 5 0 . 5 2 0
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T a b u l a t e d  R e s u l t s ;  (T ray )
Tabl e  13
L i q u id  sy s tem ;  G l y c e r i n e  -  w a te r
Cone. : 37/- G l y c e r o l  by w t .
L iq u id  r a t e :  2 5 .0  g pm 
A i r  a t  33°C. and 14 .84  I b s . / s q . i n .  
C a l c u l a t e d  c r e s t  o v e r  w e i r  = 0 .7 8 6  i n .  l i q .  
Downcomer w id th  = 1 .54  i n c h e s .
Lxperim e n t  n o . 1 3 .1 1 3 . 2 1 3 .3 1 3 . 4 1 3 . 5 1 3 . 6
P r e s s u r e  d rop  a t  
t h e  o r i f i c e  ( i n s .  
w a te r )
3 4 5 6 7 9
A i r  r a t e  c u . f t . / m i n . 232 270 300 330 357 405
h o l e  v e l o c i t y  f t . / s e c .4 2 .3 4 8 .9 54 .4 5 9 . 7 6 4 . 6 7 2 . 3
h 1 .1 1 1 .2 8 1 . 4 2 5 1 . 5 7 1 . 6 9  ; 1 . 9 3
F r o t h  h e i g h t  i n s . 7 .2 5 7 . 2 5 7 . 5 7 . 7 5 o s c i ' . l a t i o n s
Dry p r e s s u r e  drop  
i n s .  l i q . 0 .7 7 1 .0 1 1 . 2 3 7 1 .4 7 1 .6 9 5 2 . 1 7 5
C a l c u l a t e d  d r y  p r e s ­
s u r e  d rop  i n s .  l i q . 0 .5 8 6 0 . 7 8 0 . 9 6 4 1 . 1 6 5 1 . 3 5 1 . 7 1
T o t a l  pressure drop 
i n s .  w a te r 3 .7 5 3 . 8 5 4 . 0 4 . 1 5 4 . 3 4 . 6 5
A e r a t i o n  f a c t o r 0 . 7 0 4 0 .6 6 8 0 .6 4  3 0 .6 1 8 0 . 5 9 5 0 . 5 4 0
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T a b u la t e d  R e s u l t s
Table 14
Rounded edge weir plus wire mesh baffle.
Distance between weir and wire mesh = 2^ inches.
Liquid system: Glycerine - water
Cone.: 37/0 Glycerol by wt.
A i r  rate: 300 cu.ft./min. (at 33°0. and 14.84 Ibs./sq.in.) 
Downcomer width = 3 inches.
Experiment No. 14.1 14. 2 14.3 l( j . 4 1 4 . 5
Rotameter r e a d i n g 10 20 30 40 50
Liquid rate g pm 8 .3 5 16.7 2 5 . 0 3 3 . 4 4 1 . 7
Froth height (ins.) 
in the downcomer 1 1 . 0 11.5 1 3 . 0 1 4 . u 1 4 . 5
Froth height on the 
t r a y  (ins.) 1 0 .0 11 .0 11.5 12 ,0 1 3 . 0
Static head at the 
centre of t r a y  in.liq . 2 .4 3 .0 3.4 3 . 7 4 . 0
Static head in. liq. 
(Lowncomer) 682 7 .8 5 8 . 2 9 8 .8 9.18
Static head at the 
outlet weir ins. liq. 3 - ' '■ 4.3 4 . 6 4 . 8 5 . 0
Total pressure drop  
ins. water 4.5 5.3 5 . 6 6 .0 6 .2
Head loss in the 
downcomer (ins. liq.) 0 .1 0 . 1 0 . 0 5 0 . 1 0 . 1 5
Liquid throw over 
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T a b u la t e d  R e s u l t s
T a b le  15
Rounded edge w e i r .  H e ig h t  = 3 i n c h e s .
L iq u id  s y s te m ;  G l y c e r i n e  -  w a te r  
Cone. ; 37/- G l y c e r o l  by w t .
A ir r a t e :  300 c u . f t . / m i n .  ( a t  33°C. and 14 .84  I h s . / s q . i n . ) 
Downcomer w id th  = 5 i n c h e s .
E x p e r im e n t  no. 1 5 . 1 1 5 . 2 1 3 . 3 1 5 . 0 1 5 . 5  "
R o ta m e te r  R ead ing 10 15 20 30 40
L i q u i d  r a t e  g pm 8 . 3 5 1 2 . 5 16 .7 2 5 . 0 3 3 . 4
F r o t h  h e i g h t  i n  th e  
d owncome r  ( i n s . ) 10 1 0 . 5 11 1 1 . 5 1 1 . 5
F r o t h  h e i g h t  on th e  
t r a y  ( i n s . ) 6 . 5 7 7 7 . 5 7 . 5
S t a t i c  head i n s .  l i q .  
( downcomer) 5 . 6 3 5 . 9 2 6 . 1 5 6 . 5 9 6 . 8 7
S t a t i c  head a t  th e  
c e n t r e  o f  t r a y  i n .  liq. 1 . 7 5 1 . 8 1 . 9 2 .1 2 . 3
S t a t i c  head  a t  th e  
o u t l e t  w e i r  i n s . l i q . 2 . 6 5 2 . 8 3 .0 3 . 2 3 . 3
T o t a l  p r e s s u r e  d rop  
i n s .  w a te r 3 . 3 3 . 4 5 3 . 6 3 . 8 4 . 0
Head l o s s  i n  th e  
downcomer i n s .  l i q . 0 . 1 0 . 1 0 . 0 5 0 . 0 5 0 . 1
L iq u id  th ro w  over  w e i i  
a t  22 i n s .  ( i n s . )
1
1 . 5 2 .0 2 . 5 4 . 5
oppo­
s i t e
w a l l
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T a b u la t e d  R e s u l t s
T a b le  16 
Downcomer w id th  = 5 i n c h e s .
L iq u id  sy s tem :  G l y c e r i n e  -  w a te r
Cone. : 37/- G l y c e r i n e  by wt,.
A i r  a t  33°G. and 14.84 I b s . / s q .  i n .
F re q u en c y  o f  o s c i l l a t i o n :  1 .2 5  -  1 .3 1  c y c l e s / s e c .
Exprnt. 
no.
R o ta ­
m e te r
r e a d g .
L iq u id  
R a te  
g prn
O s c i l l a t i o n  p( l i n t s
P r e s s u r e  drop  
a t  t h e  o r i f i c e
%
1 6 .1 10 8 .3 5 8 .5 1 .8 6 1
1 6 .2 15. 12 .50 8 .2 5 1 .8 3 8
1 6 .3 20 16 .70 7 .6 5 1 .770
1 6 .4 25 20 .65 7 .4 5 1 .745
1 6 .5 30 2 5 . 0 0 7 .0 1 .6 9 2
1 6 .6 35 29. 20 7 . 8 1 .785
1 6 .7 40 3 3 .4 0 8. 2 1 .8 3 1
1 6 .8 45 3 7 .6 0 9 .2 5 1 .947
1 6 .9 50 4 1 .7 0 9 .5 1 .970
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T a b u l a t e d  R e s u l t s
T a b le  17
Downcomer w id th  = 5 i n c h e s .
L i q u i d  s y s t e m ;  w a te r  -  t o e p o l  
A i r  a t  3 3 ^0 . and 14 .84  I b s . / s q . i n .  
T a b le  1 7 (a )  l i q u i d  r a t e :  10 g pm
E x p e r im e n t  no . 1 7 .1 1 7 . 2 1 7 .3 17.4
P r e s s u r e  d rop  a t  
o r i f i c e  i n .  w a te r 7 8 5 10
A i r  r a t e  c u . f t . / m i n . 357 381 405 426
F re q u e n c y  o f  o s c i l ­
l a t i o n  c y c l e s / s e c . 1.31Ç 1 .3 0 1 .2 3 8 1. 278
T a b le  17(b)  l i q u i d  r a t e :  15 g pm
P r e s s u r e  d rop  a t  
o r i f i c e  i n s . ,  w a te r 7 8 9 10
A i r  r a t e  cu .  f t . ,/i.iin. 357 381 405 426
F re q u e n c y  o f  o s c i l ­
l a t i o n  c y c l e s / s e c . 1 .3 2 Î 1. 29 1. 28 1. 262
T a b le  1 7 (c )  l i q u i d  r a t e :  25 g pm
P r e s s u r e  d rop  a t  
o r i f i c e  i n s .  w a te r 7 8 9
A i r  r a t e  c u . f t . / m i n . 357 381 405
Frequenc„  o f  o s c i l ­
l a t i o n s  c y c l e s / s e c . 1 .3 0 1. 28 1 .265
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T a b u la t e d  R e s u l t s  (T ray )
Table^J.8
Downcomer w id th  = 2 .4 8  i n c h e s .
L iq u id  sy s tem :  G l y c e r i n e  -  w a te r  + gm. o f  Na l a u r y l
s u l p h a t e  ( i n  5& c u . f t .  of  s o l . )
Cone. : 37/- G l y c e r i n e  by v/t.
Air rate: 300 c u . f t . / m i n .  ( a t  33°C. and 14 .84  I b s . / s q . i n . )
E x p e r im en t  no. 1 8 .1  : 1 8 . 2  : 1 8 .3  18 .4  ' 1 8 . 5  i l 8 . 6
5
;
10 ,20 30 40 |50R o ta m e te r  r e a d i n g  
L iq u id  r a t e  g pm '4 . 1 7  8 .3 5  1 6 .7 0 ' '2 5 .0  3 3 .4 0  | 4 l . 70i '
F r o t h  h e i g h t  a t  t h e
c e n t r e  i n s .
S t a t i c  head a t  th e  
c e n t r e  i n s .  l i q :
5 .5  : 6 .5  7 .0  ; 7 . 7 5  8 .2 5  !9 .0
i
1 . 3  1 . 5  , 1 . 7  1 . 8  : 2 . 1  2 . 2
: F r o t h  h e i g h t  a t  t h e  = ;
I w e i r  i n s .  ' 4 . 0  4 . 0  :4 .2 5  4 . 7 5  5 .5  ' 6 . 0
S t a t i c  head a t  t h e  
w e i r  i n s .  l i q . 2 . 2  , 2 . 5  . 2 . 9  3X3 3 . 2  :3 .3
P r e s s u r e  d rop  ( i n s .  ' ! , j
w a te r )  13 .1  3 .3  :3^5 3 .7 5  !3 .9 5  , 4 . 2
j C a l c u l a t e d  c r e s t  over  
w e i r  i n s .  l i q . 0 .2 7  0 .3 7 8  0 . 6 0 2  0 .7 8 6  0 .9 5 5  l . H

















mom HEIGHT IN TES DQ\7NC0MER 
Vs .
I I IU ID  Il'lTE '
A i r  H a t e :  300 c u f t . / m i n .
(1) I 'Owncomer V i d t h :  3 .425 i n s  .
(2) Hovv'ncomer W id th :  2 . 4 8  i n s .
(3) Downcomer.W id th : '  1 . 5 4  i n s .
6 j
4
0 i o 2o ^0
Liq.u id  H a te  (gprn)
DIGiJHH V II -1
7. kcsuits and Liseussion.




7a^ Froth height in the dov/ncomer.
Froth height is the total height of the fluid in the 
downcomer.
Fffect of liquid rate.
i^t very low liquid r^ .tes, the downcomer has clear 
liquid at the bottom followed by aerated liquid and froth. 
The line of demarcation of clear liquid i.nd aerated liquid 
is fairly sharp. As the liquid rate increases the péné­
trât i in of the bubbles increases and the level of this line 
of demarcation decreases rapidly and when it reaches the 
d ownc ome r baffle edge, the carry under of vapour by liquid 
commences.
Figure VII-1 gives the effect of liquid rate on the 
froth height, as  liquic rate increases^the froth height 
in the downcomer increases at first. This is partly due 
to the fact that more froth overflows the weir and partly 
because more froth is generated in the downcomer due to 
water fall effect. The froth height reaches a maximum 
and with further increase in liquid rate the froth height 
decreases. The reason for this is that some of the froth
-  7 0  -

























Dov/ncomer W id th ;  2 .4 9  i n c h e s .
(1) G l y c e r i n e  -  W a t e r .
(2) G l y c e r i n e  -  W a te r  4- ygm. o f  
3 odium Dai^ir^ri S u l p h a t e
(3) G l y c e r i n e  -  W a te r  4- Ig m ,  o f  
Sodium L a u r y l  S u l p h a t e .
(4) G l y c e r i n e  -  W a te r  + 1-^gm. o f  
Sodium L a u r y l  S u l p h a t e .
o
0 10 20 g"0
L i q u i d  R a t e  (gpm) 




i s  b ro k en  down by th e  im pact  o f  l i q u i d ,  and. a l s o  some o f  
t h e  b u b b l e s  a r c  d rag g ed  down t o  t h e  p l a t e  below by th e  
l i q u i d .  With  f u r t h e r  i n c r e a s e  in  l i q u i d  r a t e  th e  d e c r e a s e  
i n  f r o t h  h e i g h t  become a s y m p t o t i c .
E f f e c t  o f  R e d u c t i o n  of d o wnc ome r  w i d t h .
The downcomer was r e d u c e d  i n  w id th  f rom  ( ^ )  5 i n c h e s
t o  (b)  3 . t |25  i n c h e s  t o  ( c )  2 .h 8  in c h e s  to  (d)  1 .5d  i n c h e s .  
C urves  ( l ) ,  (2)  and ( ) i n  F ig u re  V I I - 1  show t h e  e f f e c t
o f  t h e  r e d u c t i o n  o f  th e  dov/ncomer w id th  on th e  f r o t h
h e i g h t .  The e f f e c t  i s  t o  make th e  ch a n g e s  i n  f r o t h  h e i g h t  
w i th  change i n  l i q u i d  r a t e  more p ro n o u n c ed .  I n  the  ca se  
o f  t h e  s m a l l e s t  width_, cu rv e  (3 )  F ig u r e  V I I - 1 ,  t h e  maximum 
f r o t h  h e i g h t  o c c u r r e d  a t  v e ry  low l i q u i d  r a t e ,  and hence  
was not r e c o r d e d .  Thus a s  l i q u i d  r a t e  i n c r e a s e d  from 
3 -  30  gpm, th e  f r o t h  h e i g h t ,  i n  case  o f
downcomer v / id th  3-423  i n c r e a s e d  from 9 t o  11 in c h e s  and t h e n  
d e c r e a s e d  t o  10 i n c h e s  w h i le  in  case  of  s m a l l e s t  w id th  
i t  d e c r e a s e d  f rom  13 t o  8 i n c h e s .  
i i d d i t i o n  o f  s u r f a c e  a c t i v e  compound
A d d i t i o n  o f  s o d i u a  l a u r y l  sulpha.t e  lo w ered  the  s u r f a c e  
t e n s i o n  o f  th e  g l y c e r i n e - w a t e r  sy s tem  and i n c r e a s e d  i t s  
f r o t h a b i l i t y . more f r i t h  was g e n e r a t e d  on t h e  p l a t e .
At low l i q u i d  rc . t e s  t h e  f r o t h  h e i g h t s  were h i g h e r  t h a n  
b e f o r e  and i n  some c a s e s  t h e  e n t i r e  downcomer became 
f u l l  o f  f r o t h .  I n  f a c t  t h e  f r o t h  r e a c h e d  th e  t o o  o f
-  71 -

























0 .5  J
(1) D r o t h  h e i g h t  at 12.5  gpm
(2) D r o t h  h e i g h t  a t  2 5 . o gpm 
(5) A erat ion  Dactor at  12.5gpm 
(4) A e r a t i o n  D a o t o r  a t  25 .Ogpn
12
1l ' .6 T1'.41.0
E (E f a c t o r  b a s e d  on t h e  p e r f o r a t e d
a r e a  o f  t h e  t r a y . )
EIGURE V I I - 5
w e i r .  H owever , w i th  i n c r e a s e  i n  l i q u i d  r a t e  t h e  f r o t h  
hcighb dccrcLiscd r a y i c l l y  una t h e  column d id  n o t  f l o o d .
F i g u r e  V I I - 2  shov/s t h e  e f f e c t  o f  a d d i t i o n  of  sodium l a u r y l  
s u l p h a t e .
E f f e c t  o f  a i r  r a t e .
F i g u r e  V I I - 3  shows th e  e f f e c t  o f  ( a i r  r a t e )  Fj.^  
on f r o t h  h e i g h t  i n  t h e  downcomer. F^ i s  t h e  F f a c t o r  
b ased  on t h e  p e r f o r a t e d  a r e a  of  th e  p l a t e ,
( i . e .  t h e  a r e a  o f  t h e  p l a t e  i n  which t h e r e  a r e  p e r f o r a t i o n s )  
As t h e  a i r  r a t e  i n c r e a s e s ,  t h e  f r o t h  h e i g h t  i n c r e a s e s .
F r o t h  h e i g h t  o f  t h e  l i q u i d  r a t e  o f  1 2 .5  gpm a r e  h i g h e r  
t h a n  t h e  c o r r e s p o n d in g  f r o t h  h e i g h t s  f o r  25 gpm l i q u i d  
r a t e .  T h i s  i s  b e c a u s e  a t  h i g h e r  l i q u i d  r a t e , l i q u i d  b r e a k s  
down some f r o t h  and a l s o  d r a g s  some o f  th e  b u b b le s  t o  th e  
p l a t e  be low .
7 a 2 A e r a t i o n  f a c t o r  i n  t h e  downcomer.
I t  i s  d e f i n e d  a s  th e  r a t i o  of  th e  d e n s i t y  of  th e  
a e r a t e d  l i q u i d  t o  t h a t  o f  u n a e r a t e d  l i q u i d .  Thus i t  i s  a 
r a t i o  o f  s t a t i c  head i n  i n c h e s  o f  c l c i . r  l i q u i d  i n  t h e  
downcomer t o  f r o t h  h e i g h t  i n  t h e  downcomer.
E f f e c t  o f  l i q u i d  r a t e .
F ig u r e  Vll-i-i shows th e  e f f e c t  o f  l i q u i d  r a t e  on th e  
a e r a t i o n  f a c t o r  i n  t h e  downcomer. As d e s c r i b e d  b e f o r e ,  as  
l i q u i d  r a t e  was i n c r e a s e d , t h e  f r o t h  h e i g h t  i n c r e a s e d  a t  
f i r s t ,  r e a c h e d  a maximum and t h e n  d e c r e a s e d .  S t a t i c  head
-  72 -
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AER/lTION PACTOR
Lio.uid Rate
(1) lo w n co n e r  R i d t h : 3 .425 i n s
(2) lov /nconer  Yvidth: 2 .4 8  i n s  
(3Î Downcomer Width: 1 . 5 4  i n s
A i r  Rate:  300 c u f t . / m i n .
0 . 3
0 I c T 2C :)0
quid R ate  (gpm.)
RIG-URR VI I - 4
40 50
i n  t h e  downcomer i s  t h e  sum o f  t r a y  p r e s s u r e  drop p l u s  
h e i g h t  o f  c l e a r  l i q u i d  on t r a y  p l u s  p r e s s u r e  drop i n  t h e  
downcomer. These w i l l  i n c r e a s e  on ly  s l i g h t l y  as  th e  
l i q u i d  r a t e  i n c r e a s e s .  S in c e  a e r a t i o n  f a c t o r  i s  th e  
r a t i o  o f  s t a t i c  head  t o  f r o t h  h e i g h t ,  a s  l i q u i d  r a t e  v/as 
i n c r e a s e d ,  a e r a t i o n  f a c t o r  d e c r e a s e d  f i r s t ,  r e a c h e d  
minimum and t h e n  in c r e a se d  a g a i n .  The i n c r e a s e  seems t o  
become a s y m p t o t i c  a t  h i g h  l i q u i d  r a t e s .
R eduction  o f  the  downcomer w id th .
The e f f e c t  o f  change i n  liquid r a t e  on a e r a t i o n  f a c t o r  
became more pronounced  a s  th e  dov/ncomer w id th  was r e d u c e d .  
(See  F i g u r e  V II -R .  ) Thus i n  t h e  case  o f  th e  downcomer 
w id th  o f  25 i n c h e s ,  t h e  a e r a t i o n  f a c t o r  d e c r e a s e d  f rom
0 . 5 9  t o  . 5 7  ond th e n  i n c r e a s e d  to  0 . 7 7  vvhile i n  t h e  ca se  
o f  t h e  s m a l l e s t  downcomer v / id th ,  i t  i n c r e a s e d  from 0 . 1  t o  
1 . 0 5 . C urves  ( l )  and ( 3 ) i n  F i g u r e  VII-1) . A e r a t i o n  f a c t o r s  
of  g r e a t e r  t h a n  u n i t y  a r e  due t o  p r e s s u r e  b u i l d  up i n  th e  
downcomer and w i l l  be d i s c u s s e d  l a t e r .
Change o f  a i r  r a t e .
Figu re  V I I - 3  shows the e f f e c t  o f  i n c r e a s e  in  F^ 
on a e r a t i o n  f a c t o r .  Fj^= F f a c t o r  based on p e r f o r a t e d  area  
o f  the  p l a t e .  A e r a t io n  f a c t o r  d e c r e a s e s  s l i g h t l y  with  
in c r e a s e  i n  a i r  r a t e . A e r a t io n  f a c t o r  f o r  l i q u i d  r a te  
o f  1 2 .3  gpm are lower than  the  correspond ing  ones f o r  
the 25*0 gpm. This  i s  because  at  h ig h e r  l i q u i d  r a te  the
-  73 -
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1 . 2 -
0 . 8  -
0 .4-1
0
A i r  R a t e  300 c u f t  . /m in '
(1) fowncorner  W id th :
(2) lo v /n c o n e r  W id th :
(3) lo v /n c o n e r  W id th :  
( 4) lov/ncon e r  Wi d t h  :
10 (L\J 30 40
i
50
,iq .u id  R a te  ( g p n .)
RIC-imB V I1 -5
t h e  f r o t h  h e i g h t  i s  l e s s  whij-c s t a t i c  head i s  s l i g h t l y  
h i g h e r .
A d d i t i o n  o f  s u r f a c e  a c t i v e  cnmpaund
As d o a c r i b e d  b e f o r e ,  a d d i t i o n  o f  s u r f a c e  a c t i v e  compound 
sodium l a u r y l  s u l p h a t e  gave h i g h e r  f r o t h  h e i g h t s  a t  low er  
l i q u i d  r a t e s  b u t  f r o t h  h e i g h t  d e c r e a s e d  r a p i d l y  w i th  
i n c r e a s e  i n  l i q u i d  r a t e .  S in c e  t h e  s t a t i c  head i s  no t  v e ry  
much a f f e c t e d ,  th e  a e r a t i o n  f a c t o r  c o r r e s p o n d i n g l y  were 
v e r y  low a t  lov/ l i q u i d  r a t e s ,  and t h e n  i n c r e a s e d  r a p i d l y .
7^3 Q u a n t i t y  o f  a i r  d ragged  down.
E f f e c t  o f  l i q u i d  r a t e
F i g u r e  V I I - 5  shows t h e  e f f e c t  o f  l i q u i d  r a t e  on th e  
q u a n t i t y  o f  a i r  d rag g ed  down t o  th e  p l a t e  be low  by th e  
l i q u i d .  At low l i q u i d  r a t e  t h e  v e l o c i t y  o f  l i q u i d  was 
n o t  enough t o  d r a g  t h e  a i r  down. Once t h e  f r o t h  h e i g h t  
r e a c h e d  maximum, any f u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  was 
accom panied  by a i r  b e i n g  d ragged  down by t h e  l i q u i d  t o  
t h e  p l a t e  be low .  The q u a n t i t y  o f  a i r  d ragged  down i n c r e a s e d  
w i th  i n c r e a s e  i n  l i q u i d  r a t e .
R n d u a t io n  i n  downcomer w id th
F i g u r e  V I I - 5  shews t h e  e f f e c t  o f  r e d u c t i o n  o f  downcomer 
w id th .  F o r  any p a r t i c u l a r  l i q u i d  r a t e ,  t h e  q u a n t i t y  o f  a i r  
d rag g ed  down i n c r e a s e d  a s  th e  dovmcomer became n a r ro w e r .  
C urves  ( l ) ,  ( 2 ) ,  (3 )  and (1| ) i n  F i g u r e  V I I - 5  r e p r e s e n t  
d i f f e r e n t  w id th s  of  t h e  downcomer.
The q u a n t i t y  o f  a i r  d rag g ed  down however i s  q u i t e  s m a l l .
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Vs
4 . 0
I Dov/ncomer Vi dth:  2 .48  





(1) G l y . - ï ï a t e r
(2) Gly . -T fater*  i s g n .  o f  
Sodium lo .u y r l  S u l p h a t e .
(3) G ly . -V /a ter  + 1 ^ .  o f  
Sodium L a u y r l  S u l p h a t e .  ■
(4) G ly .~Y/ater  + lÿ g m . o f  
Sodium L a u y r l  S u l p h a t e .
1.0
0 . 5
10 20 50 40 50
L iq u id  R a te  (gpn)
FIGURE V I I - 6
Even w i th  t h e  s m a l l e s t  w id th  o f  th e  downcomer and th e  h i g h e s t  
l i q u i d  r a t e ,  i t  was o n ly  2 .3  c u . f t . / m i n .  b in c e  th e  t o t a l  
a i r  r a t e  was 300 c u . f t . / m i n . ,  i t  i s  o n ly  a s m a l l  p e r c e n t a g e  
( l e s s  thcin 1/j) o f  the-, t o t a l  f lo w .
A d d i t i o n  o f  s u r f a c e  a c t i v e  compound.
A d d i t i o n  o f  sodium l a u r y l  s u l p h a t e  lo w ered  t h e  s u r f a c e  
t e n s i o n  and i n c r e a s e d  t h e  f r o t h a b i l i t y  o f  th e  sys tem . Thus 
more a i r  was e n t r a i n e d  by th e  l i q u i d  a s  i t  o v e r f lo w ed  th e  
w e i r  and a l s o  more f r o t h  was g e n e r a t e d  i n  th e  downcomer.
A ls o  i t  i n c r e a s e d  t h e  p e r s i s t e n c e  o f  f r o t h  and hence t h e  
a i r  d i s e n g a g e m e n t  i n  t h e  downcomer d e c r e a s e d .  F i g u r e  V I I -6  
shows t h e  e f f e c t  o f  a d d i t i o n  o f  sodium l a u r y l  s u l p h a t e .
F o r  c.ny l i q u i d  r a t e ,  t h e  a i r  d ragged  down i n c r e a s e d  w i th  
t h e  a d d i t i o n  o f ' s o d i u m  l a u r y l  s u l p h a t e .  Curves  ( l ) ,  ( 2 ) ,
(3 )  and (i^) i n  F i g u r e  V I I - 6  show t h a t  q u a n t i t y  o f  a i r  
d ra g g e d  down i n c r e a s e s  r a p i d l y  w i t h  i n c r e a s e  i n  l i q u i d  r a t e  
a t  f i r s t  b u t  a t  h ig h  rat-., s i t  becomes a s y m p t o t i c .
¥ / i th  t h e  a d d i t i o n  o f  1-g gm of  Na l a u r y l  s u l p h a t e ,  t h e  
q u a n t i t y  o f  a i r  d ragged  down a t  t h e  h i g h e s t  l i q u i d  r a t e  was 
5 c u . f t . / m i n .  i n  ca se  of  downcomer w id th  o f  2 .^ 8  i n c h e s .
W ith  f u r t h e r  a d d i t i o n s  o f  sodium  l a u r y l  s u l p h a t e ,  t h i s  quan­
t i t y  i n c r e a s e d  f u r t h e r  b u t  i n  t h e  a p p a r a t u s  i t  was n o t  
p o s s i b l e  t o  m easure  beyond 3 c u . f t . / m i n .
However, w i th  t h e  a d d i t i o n  o f  10^ gms o f  sodium l a u r y l  
s u l p h a t e ,  t h e  q u a n t i t y  o f  a i r  d ragged  down was so g r e a t  t h a t
-  75 -
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Ecwncoiner W id th :  5 . 0  i n s .  
E ow nconer  W id th :  3 .425 i n s  
lo v /n c o r .e r  W id th :  2 .4 8  i n s .  
L ow nconer  Wid'.:h: 1 . 5 4  i n s .
A i r  E a t s :  300 cLift . /m i
g•H







0 10 20 0 4 0 r*
L-i q u i  d E a t  e ( gpn) 
EIOUIiE V I 1 -7
ev e n  th e  s u b s i d i a r y  t a n k  c o n n e c te d  w i th  t h e  ' f i x e d  b e l l '  was 
i n a d e q u a t e  f o r  th e  diseng;. ,gcment o f  a l l  t h e  a i r  and i n  f a c t  
t h e  f r o t h  f low ed  ou t  o f  t h e  v e n t  a l l  o v e r  th e  l a b o r a t o r y  
f l o o r .  With such  e x c e s s i v e  ' c a r r y - u n d e r '  o f  vapour  by 
l i q u i d ,  t h e  d i s t i l l a t i o n  coluran would c e a se  t o  f u n c t i o n .
I t  i s  a p p a r e n t  f rom t h i s  phenomena t h a t  e x c e s s i v e  
r e c y c l e  o f  vapour  f rom one p l a t e  t o  a n o t h e r  would r e d u c e  
t h e  c a p a c i t y  o f  t h e  column.
B u i ld  up o f  p r e s s u r e  i n  t h e  dovmcomer.
As t h e  l i q u i d  r a t e  i n c r e a s e d ,  t h e  l i q u i d  th row  over  
i n c r e a s e d ,  and i t  soon  r e a c h e d  th e  to w e r  w a l l .  Because o f  
t h e  s u r g i n g  and s p l a s h i n g  on th e  p l a t e ,  t h e  f lo w  by no 
means was u n i f o rm .  At f i r s t  t h e r e  were some p o c k e t s  t h r o u g h  
which th e  d i s e n g a g e d  v a p o u r  co u ld  e s c a p e .  The mouth o f  
t h e  downcomer soon  became s e a l e d  by th e  l i q u i d ,  and th e  
d i s e n g a g e d  v ap o u r  had t o  p i e r c e  t h r o u g h  th e  a e r a t e d  l i q u i d  
l a y e r  where i t  was t h i n n e s t .  T h i s  r e s i s t a n c e  p ro d u ced  a 
p r e s s u r e  b u i l d  up i n  t h e  down comer. As th, . l i q u i d  r a t e  
i n c r e a s e d ,  th e  p r e s s u r e  b u i l d  up a l s o  i n c r e a s e d .  T h is  i s  
o n ly  t o  be e x p e c t e d ,  a s  the  h e i g h t  o f  a e r a t e d  l a y e r  o v e r  
t h e  w e i r  i n c r e a s e d  and hence  th e  t h i c k n e s s  o f  t h e  l i q u i d  
l a y e r  a l s o  i n c r e a s e d ,  t h e r e b y  i n c r e a s i n g  th e  r e s i s t a n c e  
t o  t h e  d i s e n g a g e d  v a p o u r .  F i g u r e  V I I - 7  shows t h e  e f f e c t  o f  
l i q u i d  r a t e  on t h e  p r e s s u r e  b u i l d  up i n  t h e  downcomer f o r  
d i f f e r e n t  w id th s  o f  th e  downcomer.
The e f f e c t  o f  r e d u c i n g  t h e  w id th  of  t h e  dov/ncomcr was
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t o  i n c r e a s e  t h e  b u i l d  up o f  p r e s s u r e  i n  t h e  downcomer.
T h i s  f o l l o w s  a s  th e  n a r r o w e r  th e  downcomer, t h e  more 
e f f e c t i v e l y  i t  i s  c l o s e d .
In  F i g u r e  V I I - 7  t h e  c u r v e s  ( l ) ,  (2) and (3) a r c  
s t r a i g h t  l i n e s .  Thus f o r  t h e  downcomer w id th s  of  5 i n c h e s ,
3.^125 in c h e s  and 2 .48  in c h e s  t h e  p r e s s u r e  d rop  in c r e a s e d  
l i n e a r l y  w i th  i n c r e a s e  i n  l i q u i d  r a t e  o v e r  r an g e  o f  0-5Ü gprn. 
But i n  ca se  o f  th e  s m a l l e s t  w id th  o f  1 .54  in c h e s  t h e r e  i s  
a s h a rp  i n c r e a s e  beyond 25 gpm.
T h i s  p r e s s u r e  b u i l d  up i n  th e  dov/ncomer would o b v io u s l y  
overcome some o f  t h e  p r e s s u r e  d r o j  i n  t h e  t r a y ,  and thereb y  
r e d u c e  th e  s t a t i c  head i n  t h e  downc omer. T h is  i s  a d v a n t a ­
g e o u s .  h o w ev e r ,  i t  would a l s o  tend  t o  push  th e  a i r  down 
t o  t h e  p l a t e  bellow and t h e r e b y  i n c r e a s e  th e  "carry-under"  
o f  v ap o u r  by l i q u i d .
I n  case  o f  s m a l l e s t  w id th  o f  t h e  downcomer, t h e  
p r e s s u r e  b u i l d  up o f  1 . 2  in c h e s  o f  w a te r  was o b se rv e d .
As l i q u i d  r a t e  was i n c r e a s e d , th e  f r o t h  h e i g h t  
d e c r e a s e d  w h i le  s t a t i c  head  i n  th e  d o encorner  i n c r e a s e d  * 
s l i g h t l y .  Hence t h e  a e r a t i o n  f a c t o r  i n c r e a s e d .  A lso  as  
p r e s s u r e  b u i l d  up i n c r e a s e d ,  s i n c e  i t  h e lp e d  t o  overcome 
some o f  t h e  t r a y  p r e s s u r e  d rop  th e  o b se rv ed  f r o t h  h e i g h t s  
i n  t h e  downcomer were f u r t h e r  reduced w h ile  s t a t i c  head 
was u n a f f e c t e d ,  hence  t h e  a e r a t i o n  f a c t o r  was correspondingly^  
i n c r e a s e d .  T h i s  made i t  p o s s i b l e  f o r  a e r a t i o n  f a c t o r  t o
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1) P roth  H e i g h t .
2) A e r a t io n  F a c t o r .
3) Carry Under o f  A i r .
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t o  be g r c ,u to r  t h a n  u n i t y .  I n  cast o f  t h e  s m a l l e s t  w id th  
o f  t h e  downcomer,  t h e  maximum a e r a t i o n  f a c t o r  was 1 .03  
( s e e  P ig u r u  V I I - 8 ) .
A d d i t i o n  o f  s u r f a c e  a c t i v e  com^jound sodium l a u r y l  
s u l p h a t e  i n c r e a s e d  t h e  p r e s s u r e  b u i l d  up i n  t h e  downcomer. 
W ith  th e  a d d i t i o n  of  1^  gms of sodium l a u r y l  s u l p h a t e  
maximum p r e s s u r e  b u i l d  up o f  2 i n c h e s  o f  w a te r  was o b s e rv e d .
I n  F i g u r e  V I I - 8  f r o t h  h e i g h t ,  a e r a t i o n  f a c t o r ,  q u a n t i t y  
o f  a i r  swept o f f  and p r e s s u r e  b u i l d  up i n  t h e  do line oner  f o r  
t h e  s m a l l e s t  w id th  o f  th e  downcomer a r e  p l o t t e d  a g a i n s t  
l i q u i d  r a t e . I t  shows t h a t  c.s l i q u i d  r a t e  i n c r e a s e s ,  
f r o t h  h e i g h t  d e c r e a s e s  w h i le  a e r a t i o n  f a c t o r ,  q u a n t i t y  o f  
a i r  d rag g ed  down and p r e s s u r e  b u i l d  up i n  t h e  downcomer 
i n c r e a s e d .
7a^ D e s ig n  o f  t h e  Downcomer
The d e s i g n  o f  t h e  downc ^mer i s  b a s e d  m  th e  f o l l o w i n g  
f a c t o r s  :
( l )  T ra y  s p a c in g  (2 )  R e s id e n c e  t im e o f  l i q u i d  i n  th e
dovmcomer (3)  V e l o c i t y  of  l i q u i d  i n  the  downcomer
(i\) L iq u id  th ro w  over  w e i r .
7 ^ 5 .1  T ra y  s p a c i n g
I f  t r a y s  a r c  no t  s u f f i c i e n t l y  f a r  a p a r t , f l o o d i n g  
ca n  o c c u r  i f
(1)  f r o t h  on th e  p l a t e  r e a c h e s  th e  p l a t e  above
(2)  l i q u i d  i n  t h e  downcomer f i l l s  th e  downflow up t o  
t h e  top  o f  w e i r .
-  78 -
Downcomer f u l l  o f  f r o t h  a t  a l i q u i d  r a t e  o f  5gpm. 
(V /ater-feepol;  A ir  ra te :  300 C u f t . /m in . )
FIGURE V I I - 9
L iqu id  h e ig h t  in  the cl owncomer
L iq u id  h e i g h t  i n  t h e  downcomer i n  te rm s  o f  c l e a r  
l i q u i d  can  be c a l c u l a t e d  by th e  e q u a t i o n  ( 2 . 1 )
h s  = h i  H- h t  -i- h(Q  Equ. ( 2 . 1 )
hq = c l e a r  l i q u i d  h e i g h t  on t r a y  = h^/ + hgy/inches l i q u i d . 
h^ = t o t a l  p r e s s u r e  d ro p  in c h e s  l i q u i d .
= l i q u i d  head l o s s  i n  t h e  downcomer i n c h e s  l i q u i d .
The above e q u a t i o n  a p p l i e s  o n ly  t o  t h e  c l e a r  l i q u i d  
i n  t h e  downcomer. A c t u a l l y  th e  f l u i d  i n  t h e  downcomer i s  
i n  an  a e r a t e d  s t a t e  and i s  topped  w i th  f r o t h .  L è v e r a i
w r i t e r s  su ch  a s  Huang à  H odson^^^,  B e l l e s ^  , K i r k b r i d e   ^
L a v i s h 5 ) ,  L c i b s o n ( ^ ) , Hughmark O ^ G o n n e l ^ e t c .  a r e  o f  t h e  
o p i n i o n  t h a t  i f  t h i s  a e r a t e d  l i q u i d  r e a c h e d  t h e  t o p  o f  t h e  
w e i r ,  t h e  column would f l o o d . To quote o n ly  one of  them, 
B o l l e s ( l )  ’’As t h e  lo a d  i s  i n c r e a s e d  th e  h e i g h t  o f  a e r a t e d  
l i q u i d  i n  the  downcomer r i s e s .  Whent’ he l e v e l  i n  t h e  
downcomer rc^ .ches t h e  t o p  o f  w e i r ,  t h e  maximum l i q u i d  
c a p a c i t y  o f  t h e  downcomer i s  r e a c h e d .  Any f u r t h e r  i n c r e a s e  
i n  l i q u i d  load  would cau se  th e  l i q u i d ' t o  h a c k  up from t r a y  
t o  t r a y  u l t i m a t e l y  e n t i r e l y  f i l l i n g  th e  column w i th  th e  
l i q u i d . **
Hence t h e y  have s u g g e s t e d  t h a t  a l lo w a n c e  f o r  a e r a t i o n  
i n  t h e  downcomer must be made. S in c e  th e  d eg ree  o f  a e r a t i o n ,  
and hence  t h e  f r o t h  d e n s i t y  i n  t h e  downcomer c a n n o t  be p r e ­
d i c t e d  a t  p r e s e n t ,  t h e y  have s u g g e s t e d  t h a t  maximum h e i g h t  
o f  c lcc . r  l i q u i d  t o  be 30/w o f  th e  t o t a l  downflow h e i g h t





F roth  h e ig h t  i n  th e  downcomer a t  a l iq .u id  r a t e  o f  40gpm 
(Water-Teepol;.  A ir  r a te ;  300 C u f t . / m i n . )
FIGURE V l l - 1 0
i . e .  30/ü o f  t r a y  s p a c in g  + w e i r  h e i g h t .
hg 4  ^ ( s  + h^y)
T h i s  me an s  t h . . t  a v e r a g e  a e r a t i o n  f a c t o r  o f  0 . 5  i s  t o  
be assum ed.
I n  t h e  p r e s e n t  work i t  was found  thc . t  maximum f r o t h  
h e i g h t  were o b t a i n e d  a t  c o m p a r a t i v e l y  low l i q u i d  r a t e s ,  
and thcct f u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  b ro k e  th e  f r o t h  
dovm such  t h a t  f r o t h  h e i g h t  d e c r e a s e d  r a p i d l y .  W ith  
a d d i t i o n  o f  sod ium l a u r y l  s u l p h a t e  t o  g l y c e r i n e - w a t e r ,  
t h e  domicomer became f u l l  o f  f r o t h  a t  v e r y  low l i q u i d  
r a t e  (3 gpm ). Even when th e  f r o t h  h e i g h t  r e a c h e d  t h e  
to p  o f  t h e  w e i r  t h e  column d id  n o t  f l o o d .  The l i q u i d  
was a b l e  t o  p u s h  i t  a s i d e , and i f  n e c e s s a r y  b r e a k  i t  
and f l o w  down. F u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  d e c r e a s e d  
th e  f r o t h  h e i g h t  r a p i d l y ,  and no b a c k -u p  o f  l i q u i d  f rom  
p l a t e  t o  p l a t e  was o b s e r v e d .
P h o t  'g r a p h s  i n  F i g u r e  V I I - 9  and F i g u r e  V I I - 1 0  
c l e a r l y  d e m o n s t r a t e  t h i s  e f f e c t .  P h o to g r a p h  i n  F i g u r e  V I I - 9  
shows f r o t h i n g  in  t h e  downcomer f o r  w a t c r - t e e p o l  sy s tem  
o f  a l i q u i d  r a t e  o f  5 gpm. The e n t i r e  dov/ncomer i s  f u l l  
o f  f r o t h  and i n  f a c t  t h e  f r o t h  i s  w e l l  above t h e  t o p  o f  
t h e  w e i r .  F i g u r e  V I I - 1 0  shows t h e  f r o t h  h e i g h t  i n  t h e  
downcomer f o r  t h e  same s y s t e m ,  a t  t h e  same a i r  r a t e ,  b u t  
a t  much h i g h e r  l i q u i d  r a t e  o f  t|Q gpm. The f r o t h  h e i g h t  
h a s  d e c r e a s e d  c o n s i d e r a b l y  and l i q u i d  h a s  n o t  backed  up 
f rom  one p l a t e  t o  a n o t h e r .
-  8 0  -
I t  a i juoa rs  t h a t  t h e  c l a s s i c a l  concep t  o f  f l o o d i n g  i s  
n o t  c o r r e c t  and t h a t  i t  i s  n o t  n e c e s s a r y  to  make a l lo v /an ce  
f o r  f r o t h i n g  i n  t h e  downcomer t n  t h e  e x t e n t  o f  d o u b l in g  
th e  t r a y  s p a c i n g  t h a n  i s  r e q u i r e d  by th e  ca lcu len t  i o n  of 
t h e  c l e a r  l i q u i d  h e i g h t  i n  th e  downcomer. U n n ec esa a ry  
b i g  t r a y  s p a c in g  i n c r e a s e s  t h e  c o s t  o f  th e  column c o n s i d c -  
r a b  l y .
The a u t h o r  i s  o f  t h e  o p in io n  t h a t  t r a y  s p a c in g  s h o u ld  
be d e t e r m in e d  by ( l )  m e c h a n ic a l  f a c t o r s  such  a s  manways
( 2 ) optimum c n t r a i n m e n t  ( 3 ) F r o t h  h e i g h t  on th e  p l a t e .
I f  t h e  f r o t h  h e i g h t  becomes e q u a l  t o  t r e y  s p e c in g  o r  i f  t h e  
e n t r a i n m e n t  i s  e x c e s s i v e ,  t h e n  th e  column would f l o o d .
7a^ 2 R e s id e n c e  t im e  i n  downc m e r .
I f  t h e  r e s i d e n c e  t im e  of  t h e  l i q u i d  i n  t h e  downcomer 
i s  s u f f i c i e n t l y  l o n g ,  most o f  t h e  e n t r a i n e d  vap o u r  w i l l  
d i s e n g a g e .  R e s id e n c e  t im e  i s  based  on a v e ra g e  c r o s s  s e c t i o n a l  
a r e a  t im e s  t h e  t r a y  s p a c i n g .
D av is^^^  i n  h i s  s tu d y  o f  p r im in g  to w e rs  found  t h a t  
t h e  maximum r e s i d e n c e  t im e  i n  any o f  t h e  p r im in g  tov /e rs  was 
I4 s e c o n d s .  He t h e r e f o r e  recommended 5 seco n d s  t o  be t h e  
minimum r e s i d e n c e  t im e .  Based on t h i s  B o l l e s ( a n d  
Huang & Hodson^ have a l s o  recommended th e  minimum r e s i d e n c e  
t im e t o  b e  5 s e c o n d s .
To t h e  a u t h o r  i t  a p p e a r s  t h a t  t h i s  methoo o f  d e t e r m i n i n g  
t h e  downflov/ volume i s  c o m p le t e ly  e m p i r i c a l ,  and  i s  n o t  b a sed  
on any l o g i c a l  r e a s o n s  o r  experi rner ta l  e v id e n c e .
-  8 1  -
F i r s t  o f  a l l ,  t h e  r e s i d e n c e  t im e  b a s e d  on t h e  t o t a l  volume 
o f  t h e  downcomer i s  n o t  t h e  t r u e  r e s i d e n c e  t im e  b e c a u s e  
t h e  downcomer w i l l  n o t  b e  f l o w in g  f u l l »  True r e s i d e n c e  t im e  
must be  b a s e d  on t h e  e s t i m a t e d  volume o f  t h e  f l u i d  i n  t h e  
downcomer. T h is  would r e q u i r e  t h e  e s t i m a t i o n  o f  f r o t h  h e i g h t  
i n  t h e  downcomer. T h i s  i s  n o t  p o s s i b l e  a t  p r e s e n t .
R e s id e n c e  t im e  r e q u i r e d  f o r  a l l  t h e  v a p o u r  to  d i s e n g a g e  
w i l l  o b v io u s l y  depend  on t h e  p e r s i s t a n c e  o f  t h e  f r o t h .  The 
more p e r s i s t a n t  t h e  f r o t h  i s ,  t h e  more t im e  w i l l  b e  r e q u i r e d  
f o r  t h e  b u b b l e s  t o  b r e a k  up and h e n c e  f o r  t h e  d i s e n g a g e m e n t  
o f  t h e  v a p o u r .  I n  t h e  p r e s e n t  work i t  was fo u n d  t h a t  c o m p le te  
d is e n g a g e m e n t  o f  v ap o u r  was n o t  p o s s i b l e  even  w i t h  a r e s i d e n c e  
t im e  o f  20 s e c o n d s .
E x ce p t  a t  v e r y  low l i q u i d  r a t e s  t h e  l i q u i d  d o es  n o t  f lo w  
g e n t l y  down t h e  s e g m e n ta l  b a f f l e  b u t  i s  th ro w n  o v e r  t h e  w e i r  
and c a s c a d e s  down i n t o  t h e  p o o l  o f  t h e  a e r a t e d  l i q u i d .  The 
c a s c a d i n g  l i q u i d  d r a g s  t h e  b u b b l e s  down. Some o f  t h e s e  a r e  
d r a g g e d  t o  t h e  b o t to m  p l a t e ,  w h i l e  some come t o  t h e  s u r f a c e .  
O b v io u s ly  t h e  b i g g e r  b u b b l e s  h av e  g r e a t e r  b u o y an c y ,  and h en ce
a r e  n o t  sw ept  o f f  t o  t h e  b o t to m  p l a t a  w h i l e  s m h l l  b u b b l e s  
a r e .
The q u a n t i t y  o f  a i r  d r a g g e d  down by  th e  l i q u i d  t o  t h e
p l a t e  be low  was m easu red  a c c u r a t e l y ,  and found  t o  b e  q u i t e  s m a l l
t o  d e c r e a s e  t h e  r e s i d e n c e  t im e  c o n s i d e r a b l y , t h e  downcomer w id th
was r e d u c e d  to  l e s s  t h a n  i / 3  i t s  f u l l  w i d t h .  Even w i t h  a low
r e s i d e n c e  t im e  o f  2 .1 2  s e c o n d s ,  t h e  q u a n t i t y  o f  a i r  d rag g ed
-  82 -
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(1) lov;ncoîiier V/idth: 3 .4 2 5  i n s
(2) lownconier \7 idh t :  2 .4 9  i n s .
(3) lov/ncomer ï ï i d t h :  1 .5 4  i n s .
A i r  R a te :  3 GO c u f t . / n i n .
' ->■ -
10
Tioie ( s e c . ;
V I I - 11
do^vn was o n ly  2 .2 5  c u . f t / m i n u t e o  T h is  i s  l e s s  th a n
1% o f  t h e  t o t a l  v a p o u r  f lo w .
A d d i t i o n  o f  sodium l a u r y l  s u l p h a t e  i n c r e a s e d  th e  p e r s i s t a n c e  
o f  t h e  f r o t h  and h en ce  i n c r e a s e d  th e  q_uant i ty  o f  a i r  d ra g g ed
down. Up t o  t h e  a d d i t i o n  o f  1 and 1 /2  gm. o f  sodium l a u r y l
s u l p h a t e y t h e  q u a n t i t y  o f  a i r  d ra g g e d  down was o n ly  5 c U o f t /m in  
a t  t h e  r e s i d e n c e  t im e  o f  3 and 1 /2  s e c o n d s .  T h i s  i s  l e s s  t h a n
2% o f  t h e  t o t a l  f lo w .  I t  was beyond t h e  c a p a c i t y  o f  t h e
a p p a r a t u s  to  m easu re  t h i s  q u a n t i t y  beyond  5 c u . f t / m i n ,  b u t  i t  
was o b v io u s  t h a t  w i t h  t h e  a d d i t i o n  o f  10 and 1 /2  gm. o f  sodium  ^
l a u r y l  s u l p h a t e  t h e   ^c a r r y - u n d e r ^  o f  a i r  by  l i q u i d  was e x c e s s i v e  
and one would  e x p e c t  t h e  d i s t i l l a t i o n  column t o  c e a s e  
f u n c t i o n i n g .
True r e s i d e n c e  t im e  b a s e d  on t h e  colume o f  t h e  f l u i d  i n  
t h e  downcomer was c o n s i d e r a b l y  l e s s .  Th-^s w i t h  g l y c e r i n e  w ate r^  
f o r  a t r u e  r e s i d e n c e  t im e  o f  0 .7 9  s e c o n d , t h e  c a r r y - u n d e r  o f  
t h e  a i r  by l i q u i d  was l e s s  t h a n  1% o f  t o t a l  a i r  f lo w .
Davies^  recom m enda t ion  o f  minimum r e s i d e n c e  t im e  o f  
5 seconds  i s  b a s e d  on t h e  a s s u m p t io n  t h a t  a l l  t h e  p r im in g  
to w e r s  were p r i m i n g  b e c a u s e  o f  i n a d e q u a t e  r e s i d e n c e  t i m e s .  There  
seems t o  be  no j u s t i f i c a t i o n  f o r  t h i s  a s s u m p t io n ,  A tow er  may
p r im e  due t o  any o f  t h e  f o l l o w i n g  r e a s o n s .
(1)  L i q u i d  i n  t h e  downcomer r e a c h i n g  t h e  to p  o f  w e i r .
( 2 ) F r o t h  h e i g h t  on t h e  p l a t e  becoming e q u a l  to  t r a y  
s p a c i n g .
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(3)
(11 Downcomer W i d t h : 3 .4 2 5  i n s  
. (2)  Downcomer W i d t h : 2 .4 8  i n s .  
(3) Downcomer W i d t h : 1 .5 4  i n s .
A i r  R a t e ;  300 c u f t . / m i n
0 4 6 8
T rue  R e s id e n c e  Time ( s e c . )
10
FIGURE VID12
(3) E3ccesRivo ont.3?ainment d
(A) S p la s h i n g  o f  l i q u i d  o ve r  t h e  t r a y  above due t o  o s c i l l a t i o n s  
on t h e  t r a y .
( 5 ) O th e r  p o s s i b i l i t i e s .
One o r  more o f  t h e  above r e a s o n s  may be  r e s p o n s i b l e
g
f o r  p r im in g  i n  t h e  to w e rs  s t u d i e d  by D av ie s  .
S incep even  w i th  t h e  a d d i t i o n  o f  i and 1 /2  gm o f  s u r f a c e  
a c t i v e  compound sodium l a u r y l  s u lp h a t e ^  t h e  c a r r y - u n d e r  o f  
v a p o u r  i s  q u i t e  s m a l l ^even a t  a low r e s i d e n c e  t im e  o f  2 secsg 
i t  a p p e a r s  t h a t  recommended minimum r e s i d e n c e  t im e  o f  3 s e c s  
i s  to o  h i g h .  O b v io u s ly  more e x p e r i m e n t a l  s t u d i e s  w i t h  
d i f f e r e n t  l i q u i d  sys tem s  p r e f e r a b l y  u n d e r  d i s t i l l i n g  c o n d i t i o n s  
a r e  n eed ed .
F ig u r e  VII -  I I  and F i g u r e  V I I -12  Show th e  e f f e c t  
o f  r e s i d e n c e  t im e  and t r u e  r e s i d e n c e  t im e  r e s p e c t i v e l y  on 
t h e  q u a n t i t y  o f  a i r  d rag g e d  down t o  t h e  p l a t e  be low .  The 
c a r r y  u n d e r  o f  a i r  by l i q u i d  i n c r e a s e s  a s  t h e  r e s i d e n c e  t im e 
d e c r e a s e s .  However^ d i f f e r e n t  downcomer w id th s  g iv e  
d i f f e r e n t  c u r v e s .  C urves  ( l ) ,  ( 2 ) and (3)  i n  F i g u r e s  VII -  I I  
and VII  -  12. I f  t h e  c a r r y  u n d e r  o f  a i r  was s im p le  f u n c t i o n  
o f  t h e  r e s i d e n c e  t im e  b a s e d  on th e  t o t a l  downcomers volume 
o r  t h a t  i f  t r u e  r e s i d e n c e  t im e  ( b a s e d  on f r o t h  volume) th e n  
a l l  t h e  p o i n t s  f o r  d i f f e r e n t  w id th s  o f  t h e  downcomer would 
l i e  on one c u rv e .
— 8L|_ —
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1 . 6 ^
(1) l ’ov/ncoïïier \7idth: 5 . 0  i n s .
(2) lov /nconer Width: 5 .4251ns  .
(3)  Downcomer Width: 2 . 4 8  i n s .
(4) Downcomer Width: 1 . 5 4  i n s .
0 .8 -
A i r  Rate:  300 c u f t . / m i n
0 . 4 -
TIi 6 300
V e l o c i t y  o f  l i q u i d  ( f t  . /ra in . )  
RIO DR2 V I I -1 3
But s i n c e  t h e y  do n o t ,  i t  a p p e a r s  t h a t  i t  i s  n o t  a s im p le  
f u n c t i o n  o f  e i t h e r  r e s i d e n c e  t im e  o r  t h e  tru© r e i i d e n e e  
timoo
"^^3 3 V e l o c i t y  o f  t h e  l i q u i d i n  t h e  dov/ncomer_.
? 1Hugmark and 0 Connel have  recommended t h a t  downcomer 
s h o u ld  be  so s i z e d  t h a t  l i q u i d  v e l o c i t y  i s  abou t  0 .3  f t / s e c .  
f o r  n o n - fo a m in g  l i q u i d s .  For  foam ing  l i q u i d s  such  a s  
a b s o rb e d  o i l y  i t  may have  t o  b e  a s  low a s  0.1 f t / s e c .
L e i b s o n  e t  a l ^  have  recommended t h a t  downcomer i n l e t  v e l o c i t y  
s h o u ld  n o t  exceed  O.U f t / s e c . t o  a l l o w  a d e q u a te  a r e a  f o r  
v a p o u r  d isengagem ento
T h is  method l i k e  r e s i d e n c e  t im e  method i s  c o m p le t e ly  
e m p i r i c a l .  I n  t h i s  work downcomer w id th  was r e d u c e d  t o  l e s s  
t h a n  one t h i r d  o f  i t s  f u l l  w id th  i n  o r d e r  to  o b t a i n  h i g h  
v e l o c i t i e s .  I t  was found  t h a t  w i th  g l y c e r i n e - w a t e r p  even  
a t  a h i g h  v e l o c i t y  o f  0 .9 2  f t / s e c ,  t h e  q u a n t i t y  o f  a i r  d rag g ed  
down by l i q u i d  t o  t h e  p l a t e  be low  was l e s s  t h a n  1;f o f  th e  
t o t a l ,  f lo w .  Even w i th  t h e  a d d i t i o n  o f  1 and 1 /2  gms o f  
sodium l a u r y l  s u lp h a t e p  t h i s  q u a n t i t y  was l e s s  t h a n  2^L 
A l l  t h a t  h a s  b e e n  s a i d  i n  t h e  p r e v i o u s  s e c t io n ^  a b o u t  t h e  
v a p o u r  d ise n g ag e m en t  and a i r  c a r r y - u n d e r  a p p l i e d  e q u a l l y  w e l l  
h e r e .
F i g u r e  VII -  13 t h e  q u a n t i t y  o f  a i r  d ra g g e d  down by t h e  l i q u i d  
t o  t h e  b o t to m  p l a t e  i s  p l o t t e d  a g a i n s t  t h e  v e l o c i t y  o f  l i q u i d  
i n  t h e  downcomer. F o r  any p a r t i c u l a r  w id th  o f  t h e  downcomer,
-  83 -
t h e  q u a n t i t y  o f  a i r  d ragged  down i n c r e a s e d  l i n e a r l y  w i th  th e  
v e l o c i t y  o f  l i q u i d ,  h u t  f o r  d i f f e r e n t  w id th s  o f  th e  
downcomer, d i f f e r e n t  s t r a i g h t  l i n e s  a r e  o b t a i n e d .  T h is  shows 
t h a t  i t  i s  n o t  a s im p le  f u n c t i o n  o f  v e l o c i t y  o f  l i q u i d  i n  
t h e  downcomer, o th e rw is e  a l l  th e  p o i n t s  f o r  d i f f e r e n t  
w id th s  would l i e  on one c u rv e .
I t  i s  obvious  t h a t  t h e  recommended v a l u e s  o f  0.1 f t / s e c  
and Ooh f t / s e c  a r e  v e r y  low. Even though  t h i s  work was 
c a r r i e d  o u t  i n  t h e  ab sen ce  o f  mass and h e a t  t r a n s f e r  and w i th  
o n ly  one system o f  g ly c  e r  ine-wa t e r ,  p l u s  sodium l a u r y l  
s u l p h a t e ,  i t  may be r e a s o n a b l y  assumed t h a t  c a r r y - u n d e r  o f  
a i r  w i l l  be  o f  t h e  same o r d e r  o f  magnitude  w i th  o t h e r  
d i s t i l l i n g  sy s tem s .  Thus i t  would a p p e a r  t h a t  h i g h e r  
v e l o c i t i e s  o r  c o n v e r s e ly  s m a l l e r  downcomers can s a f e l y  be  
u se d .  More e x p e r im e n ta l  work w i th  o t h e r  f r o t h i n g  sys tem s 
i n  d i s t i l l i n g  c o n d i t i o n s  i s  needed to  d e te rm in e  th e  s a f e  
v e l o c i t y ,
A lso  s in c e  r e s i d e n c e  t im e b a s e d  on t o t a l  downcomer 
volume i s  n o t  t h e  t r u e  r e s i d e n c e  t im e ,  and s in c e  a t  p r e s e n t  
f r o t h  h e i g h t  and hence  th e  t r u .. r e s i d e n c e  t im e cannot  be 
e s t i m a t e d ,  t h e  a u t h o r  f e e l s  t h a t  v e l o c i t y  o f  l i q u i d  i n  th e  
downcomer o f f e r s  a b e t t e r  p a ra m e te r  t h a n  r e s i d e n c e  t im e to  
d e te rm in e  th e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  downcomer.
7^3 2+ L i q u i d  t h r ow oyer  w e i r .
I n  o r d e r  to  e n s u re  pathway f o r  t h e  d is e n g ag e d  v a p o u r ,
8 1 2 D avies  , B od ies  Huang and Hodson have  recommended th e
f o l l o w i n g  l i m i t a t i o n .
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0 . 6  w, = l i q u i d  th row over  
Wd = Dovmcomer w id th
  E q u a t i o n  3*6h  =  ° * 8  J  A w  ( 8 + A -  A )
One d e r i v a t i o n  o f  t h e  above e q u a t i o n  i s  g iv e n  i n  
s e c t i o n  3ci.









■ A  “
2 .9 8  L = 1 .0 6  i n c h e s .  E q u a t i o n  2 .3w
24 i n c h e s  
3 i n c h e s
h i+h^+h^
0 . 0 3 & E u q a t i o n  2 . 4! 100A. I
0 .1 1 6  i n c h e s  
h^  ^ + h ^ ^  = 3 + 1o06 = 4 .0 6  in c h e s
A  +  N
0 .3 5  + 4 .0 6  = 4.41 i n c h e s  
4 .0 6  + 4.41 + 0 .1 1 6  
8 .3 8 6 ,  in c h e s
% = 0 . 8  4 1 .0 6  ( 2 4  4- 3  -  8 .38 6)
= 3 .3 3  i n c h e s .
I t  was found  t h a t  l i q u i d  th ro w  o v e r  was much h i g h e r  t h a n  
t h e  above e q u a t i o n .  I n  f a c t  even  a t  10 gpm, l i q u i d  h i t  t h e  
o p p o s i t e  w a l l .  Thus l i q u i d  th row  o v e r  was g r e a t e r  t h a n  
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D e r i v a t i o n  o f  t h e  above e q u a t i o n  i s  b a s e d  on th e  
a s s u m p t io n  t h a t  c l e a r  l i q u i d  f lo w s  o ver  t h e  w e i r . T h is  
may be  t r u e  i n  c a s e  o f  b u b b le  -  cap p i ' . te  . . i t h  • n  " .qua t e  
ca lm in g  s e c t i o n  b u t  i s  n o t  l i k e l y  to  b e  t r u e  i n  c a s e  o f  s i e v e  
t r a y  w i t h  a norm al  c a lm in g  s e c t i o n .  L i q u i d  f lo w  o v e r  t h e  
w e i r  i n  c a s e  o f  s i e v e  t r a y  w i l l  be  i n  an  a e r a t e d  s t a t e ,  and 
would t h e r e f o r e  be  l i g h t e r .  G r a v i t a t i o n a l  f o r c e  w i l l  b e  
s m a l l e r  and h en ce  i t  w i l l  t r a v e l  a g r e a t e r  h o r i z o n t a l  d i s t a n c e  
S u rg in g  and s p l a s h i n g  o f  l i q u i d  on t r a y  i n c r e a s e s  t h e  l i q u i d  
th row  o v e r  t o o . Thus l i q u i d  th row  o v e r  w i l l  b e  g r e a t e r  t h a n  
th e  c a l c u l a t e d  one .  P h o to g r a p h s  showing t h e  c o n d i t i o n s  a t  t h e  
w e i r  a t  3 gpm and 30gpm a r e  g i v e n  i n  F i g u r e  VII  -  14 and V I I -13  
r e s p e c t i v e l y .
I t  was found  t h a t  a t  h i g h e r  l i q u i d  r a t e s ,  l i q u i d  th row  
o v e r  was h i g h  enough t o  c l o s e  t h e  mouth o f  t h e  downcomer.
The d i s e n g a g e d  v ap o u r  d i d  n o t  however c l e a r  pa thw ay ,  and 
hence  t h e r e  was a p r e s s u r e  b u i l d  up i n  t h e  downcomer. T h is  
p r e s s u r e  b u i l d  up i n  t h e  downcomer h e l p s  t o  overcome some o f  
th e  p r e s s u r e  d rop  i n  t h e  p l a t e  and h e n c e  r e d u c e s  a e r a t i o n  
f a c t o r  i n  t h e  downcomer. However i t  may p u sh  dov/n, o r  b e c a u s e  
o f  i t ,  a i r  c a r r y  u n d e r  may i n c r e a s e  b u t  s i n c e  t h i s  i s  v e r y  
s m a l l ,  i t  would a p p e a r  t h a t  t h e r e  i s  no harm i n  l e t t i n g  
l i q u i d  h i t  t h e  tow er  w a l l .  I n  f a c t  i f  i t  c a s c a d e s  t h e  m id d le  
o f  t h e  l i q u i d  p o o l  i t  i s  l i k e l y  t o  g e n e r a t e  more f r o t h .









A ir  R ate: 300 Guft . /m in .
X G ly c e r in  e-w at er
Q G ly c e r in e - w a t e r - ig m .o f  sodium  l a u r y l  s u lp h a t e  

















E q u a tio n  (,2 .6 )
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E ig .u id  d a t e  gpni.
l'IGUEE V l l - 1 6
0 .6  t im e s  th e  downcomer w id t h  s eems u n n e c e s s a r y . As shown
by t h e  c a l c u l a t i o n  a t  3 8 .5  gpm th row  w i l l  be  3 = 53 i n c h e s ,
ev e n  as su m in g  i t  t o  be  i n  u n - a e r a t e d  s t a t e . T h is  would
r e q u i r e  3°53  = 3=87 i n c h e s  downcomer w id th .  I n  t h i s  work
0.6
downcomer f u n c t i o n  q u i t e  s a t i s f a c t o r i l y  even  when t h e  w id th  
was 1 ,3 5  i n c h e s .  T h e r e f o r e  i t  may be  co n c lu d e d  t h a t  t h i s  
l i m i t a t i o n  on l i q u i d  th ro w  o v e r  i s  u n n e c e s s a r y .
7b ,  T ra y ,
7b^ F r o t h  h e i g h t  on t h e  t r a y .
F r o t h  h e i g h t  on t h e  t r a y  was m easu red  by  v i s u a l
o b s e r v a t i o n  th r o u g h  t h e  windov^. I t  i s  t h e  h e i g h t  o f  t h e
t o t a l  a e r a t e d  l i q u i d  mass on th e  t r a y .  Due t o  s u r g i n g
and s p l a s h i n g ,  th e  f r o t h  h e i g h t s  c o u ld  b e  m easured  o n ly  w i t h
an  a c c u r a c y  o f  + 0 ,3  i n c h e s .
I n  F i g u r e  VII  -  16 ,  t h e  f r o t h  h e i g h t  on th e  t r a y  i s
p l o t t e d  a g a i n s t  t h e  l i q u i d  r a t e .  Curve (1 )  i n  F i g u r e  V I I -16
1 7r e p r e s e n t s  t h e  f o l l o w i n g  e q u a t i o n  from A , I , C h , k ,  r e p o r t  
r_- 0^73W + 3 «24F + 0,08i.!.Ij E q u a t i o n  2 ,6  
= r.v o t h  h e i g h t  
W = w e i r  h e i g h t  i n c h e s  = r
F = = f a c t o r  b a s e d  on the  a r e a  b e tw een  i n l e t
downcomer and o u t l e t  w e i r ,
L = L i q u i d  r a t e  gpm = Q
—8 9 "
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FIGURE V l l - 1 7
The f r o t h  h e i g h t  i n c r e a s e d  l i n e a r l y  w i t h  i n c r e a s e  
i n  l i q u i d  r a t e .  As can  he  s e e n  from th e  F i g u r e  V I I -16  t h e  
ag reem en t  b e tw e e n  t h e  c a l c u l a t e d  v a l u e s  and o b s e rv e d  v a l u e s  
f o r  g l y c e r i n e  w a t e r  i s  b e t t e r  a t  h i g h e r  l i q u i d  r a t e s .  
D i f f e r e n c e s  a t  low l i q u i d  r a t e s  i s  ab o u t  15%- A d d i t i o n  
o f  s u r f a c e  a c t i v e  compound i n c r e a s e d  t h e  f r o t h  h e i g h t s  on 
t h e  t r a y ,  and h en c e  t h e  d i f f e r e n c e  b e tw een  o b s e rv e d  and 
c a l c u l a t e d  v a l u e s  i n c r e a s e d .  The e q u a t i o n  2 .6  was d e r i v e d  
f o r  a i r - w a t e r  and s t e a m - w a te r  s y s t e m s ,  and tho u g h  good 
ag reem en t  i s  r e p o r t e d  a t  low F f a c t o r s  o f  A ce tone-B enzene  
s y s t e m s ,  i t  s u f f e r s  from t h e  l i m i t a t i o n  t h a t  i t  does  n o t  
i n c o r p o r a t e  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  sys tem .
F i g u r e  V I I -17  show t h e  e f f e c t  o f  a i r  r a t e  on f r o t h  
h e i g h t  on t h e  t r a y .  F r o t h  h e i g h t  i s  p l o t t e d  a g a i n s t  F^ ,  F^
i s  t h e  F f a c t o r  b a s e d  on t h e  a r e a  b e tw e en  t h e  i n l e t  downcomer
and o u t l e t  w e i r .  F r o t h  h e i g h t  i n c r e a s e d  l i n e a r l y  w i t h
i n c r e a s e  i n  a i r  r a t e  o f  F _ . T here  a g a i n  t h e  o b s e rv e d  v a l u e sK
a r e  h i g h e r  t h a n  t h o s e  c a l c u l a t e d  fo rm  e q u a t i o n  ©n 2 .6  t h e  
d i f f e r e n c e  i s  a p p r o x im a te ly  25%-
7h2 A e r a t i o n  and h e i g h t  o f  c l e a r  l i q u i d  on t h e  t r a y .
The e f f e c t i v e  c l e a r  l i q u i d  h e i g h t ,  o r  t h e  s t a t i c  head
on t h e  p l a t e ,  v a r i e s  from p o i n t  t o  p o i n t ,  h e n c e  i n
17A .I .C h .E o  r e p o r t  two d i f f e r e n t  p r o c e d u r e s  were  u se d  to  
g e t  an a v e ra g e  v a l u e  o f  t h e  s t a t i c  h e a d .  (1 )  By t a k i n g
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o  S t a t i c  head a t  t h e  c e n t r e  o f  t h e  p l a t e .
X T o t a l  p r .  drop minus dry p r .  d r o p .
V s t a t i c  head a t  t h e  w e i r ,
va l l e i r  h e ig h t  c r e s t  o v e r  w e i r .
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FIGURE V l l - 1 8
The d i f f e r e n c e  b e tw e e n  t h e  t o t a l  g a s  p r e s s u r e  d ro p  and th e
d ry  p r e s s u r e  d ro p  f o r  t h e  t r a y  and (2 )  by u s i n g  m anometers
a t t a c h e d  a t  v a r i o u s  p o i n t s  t o  t h e  f l o o r  o f  t h e  t r a y .
I n  t h e  p r e s e n t  work m anom eters  were a t t a c h e d  a t  t h e
c e n t r e  o f  t h e  t r a y ^  and a l s o  n e a r  t h e  o u t l e t  w e i r .  Then.
s t a t i c  h ea d  a t  t h e  w e i r  was fo u n d  t o  be  a b o u t  an  i n c h  h i g h e r
t h a n  a t  t h e  c e n t r e .  B ecause  o f  s u r g i n g  and s p l a s h i n g  a t  t h e
c e n t r e ,  t h e  s t a t i c  h e a d  a t  t h e  c e n t r e  c o u l d  b e  m easu red  o n ly
w i t h  an a c c u r a c y  o f  + 0 .2  i n c h e s  o f  c l e a r  l i q u i d .
F i g u r e  V II  -  18 shows t h e  e f f e c t  o f  l i q u i d  r a t e  on t h e
s t a t i c  h e a d .  Curve (2)  i n  t h e  F i g u r e  VII  -  18 r e p r e s e n t s  t h e
17f o l l o w i n g  e q u a t i o n  from t h e  A . I . C h . E .  r e p o r t  .
2^ = 0.19W -  0 .65F+ O0O2 OL + I 0 6 5 ------------ E q u a t i o n  2 .7
2^ = l i q u i d  h o l d  u p .  i n c h e s  l i q u i d
W = w e i r  h e i g h t  i n c h e s  = h^
F = FA. F . f a c t o r  b a s e d  on a r e a  b e tw e e n  i n l e t
downcomer and o u t l e t  w e i r .
L = l i q u i d  r a t e  gpm = Q 
The h e i g h t  o f  c l e a r  l i q u i d  o r  s t a t i c  h e a d  a t  t h e  
c e n t r e  i n c r e a s e d  l i n e a r l y  w i t h  . ' .ncrease  i n  l i q u i d  r a t e .  
However :;he o b s e r v e d  v a l u e s  were  a l i t t l e  lo w e r  t h a n  t h e  
c a l c u l a t e d  v a l u e s .  The c u r v e s  (1 )  and (2 )  a r e  n e a r l y  
p a r a l l e l  s t r a i g h t  l i n e s .  D i f f e r e n c e  i s  l e s s  t h a n  0 .2  
i n c h e s  l i q u i d .
S t a t i c  h e a d  a t  t h e  o u t l e t  w e i r  a l s o  i n c r e a s e d  l i n e a r l y  
w i t h  i n c r e a s e  i n  l i q u i d  r a t e .  However t h e  o b s e r v e d  v a l u e s  
a r e  h i g h e r  t h a n  t h e  c a l c u l a t e d  v a l u e s ,
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(1) E x p er im en ta l  V a lu es
(2) E q u a tio n  ( 2 . 3 ) .
( 2 )
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The v a l u e s  o f  a v e r a g e  s t a t i c  h ea d  c a l c u l a t e d  by 
s u b s t r a c t i n g  t h e  o b s e rv e d  d r y  p r e s s u r e  d ro p  from th e  
o b s e rv e d  t o t a l  g a s  d ro p  i n  t h e  t r a y ,  a r e  v e r y  c l o s e  t o  t h e  
v a l u e s  o f  t h e  s t a t i c  h e a d  a t  t h e  c e n t r e . .
Thus i t  would a p p e a r  t h a t  i n  t h e  p e r f o r a t e d  p a r t  .f t h e  
p l a t e  t h e  s t a t i c  h ea d  i n  i n c h e s  o f  c l e a r  l i q u i d  i s  f a i r l y  
c o n s t a n t  and i t  i s  t h i s  h e a d  t h a t  c a u s e s  t h e  wet p r e s s u r e  d ro p  
The v a l u e s  o f  c l e a r  l i q u i d  h e i g h t  i n  t e rm s  o f  w e i r  
h e i g h t  and c r e s t  o v e r  w e i r  c u r v e  (4)  a r e  v e r y  much h i g h e r  
t h a n  t h e  o b s e r v e d  v a l u e s  o f  a v e r a g e  s t a t i c  h e a d  i . e .  
t o t a l  p r e s s u r e  d ro p  m inus  d r y  p r e s s u r e  d r o p .  S in c e  t h e  
ag ree m en t  b e tw e e n  th e  v a l u e s  c a l c u l a t e d  by  t h e  e q u a t i o n  2 .7  
and t h o s e  o b s e rv e d  i s  q u i t e  good ,  t h e  a u t h o r  f e e l s  t h a t  i t  
would b e  b e t t e r  t o  u se  t h e  e q u a t i o n  2 .7  r a t h e r  t h a n  
c a l c u l a t e  i t  i n  t e rm s  o f  c l e a r  l i q u i d  h e i g h t  p l u s  c r e s t  o v e r  
w e i r .
7h^ Dry P r e s s u r e  d r o p .
21The f o l l o w i n g  e q u a t i o n  i s  recommended by  Hunt t o  
c a l c u l a t e  t h e  d r y  p r e s s u r e  d ro p  
hp = 23 ( f v )  ( U 1 k )  ( u /
^L' 2g^ 2
0 . 4  ( 1 .2 5  -  ^  ) + f  “ f o  )  E q u a t i o n  2 .8
 ^ A  ^ A ^c c
h^  = d r y  p r e s s u r e  d ro p  i n c h e s  l i q u i d ,  
u^ = g a s  h o l e  v e l o c i t y  f t / s e c .
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A = T o t a l  h o l e  a r e a  s q / f t .
A = T o t a l  c r o s s - s e c t i o n a l  a r e a  o f  t h e  tow er ,c
I n  F ig u r e  V I I -1 9  th e  v a l u e s  o f  d ry  p r e s s u r e  drop  
c a l c u l a t e d  by th e  above e q u a t i o n  and t h e  obse rv ed  v a l u e s  a r e  
p l o t t e d  a g a i n s t  th e  a i r  h o l e  v e l o c i t y  on a l o g a r i t h m i c  s c a l e .  
Curve ( 2 ) i n  t h i s  f i g u r e  r e p r e s e n t s  t h e  e q u a t i o n  . The 
o b se rv e d  v a l u e s  were l i t t l e  h i g h e r  t h a n  th e  c a l c u l a t e d  o n es .  
However t h e  d i f f e r e n c e  i s  v e r y  sm a l l  i n  m ag n i tu d e .
7b^ T o t a l  p r e s s u r e  d ro p  and A e r a t i o n  f a c t o r .
T o t a l  p r e s s u r e  d rop  i s  t h e  sum o f  t h e  wet p r e s s u r e  drop 
p l u s  d ry  p r e s s u r e  drop + r e s i d u a l  p r e s s u r e  d ro p .  R e s i d u a l  
p r e s s u r e  d rop  i s  v e r y  sm a l l  i n  m agnitude  and i t ' s  
ap p ro x im a te  v a lu e  i s  g i v e n  by th e  e q u a t i o n  2 .1 0 .  
h^ = 3 1 o2
Pl
Wet p r e s su r e  d ro p .  Wet p r e s s u r e  d rop  i s  t h e  p r e s s u r e  drop  
due t o  p a s s a g e  o f  v ap o u r  th ro u g h  l i q u i d  on th e  p l a t e ,  and i s  
e q u a l  i n  m agnitude  t o  t h e  l i q u i d  h o ld  up on th e  t r a y ,  
n e g l e c t i n g  r e s i d u a l  p r e s s u r e  d ro p .
I n  F i g u r e  V I I - 1 8 ,  t h e  o b se rv e d  v a l u e s  o f  wet p r e s s u r e  drop  
( t o t a l  p r e s s u r e  d r o p -  d ry  p r e s s u r e  d rop  n e g l e c t i n g  r e s i d u a l  
p r e s s u r e  drop)  a r e  p l o t t e d  a g a i n s t  l i q u i d  r a t e .  Wet p r e s s u r e  
drop i n c r e a s e d  l i n e a r l y  w i th  i n c r e a s e  i n  l i q u i d  r a t e ,  though  
i n c r e a s e  i n  m agnitude  i s  f a r i l y  s m a l l .
- 9 3 -
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PIGTJHH V II-21
I t  w i l l  be  seen  t h a t  th e  o b se rv e d  v a l u e s  o f  wet p r e s s u r e  
drop a r e  i n  v e ry  c l o s e  agreem ent  w i th  th e  o b se rv e d  v a l u e s  o f  
t h e  s t a t i c  head  ( i n c h e s  l i q u i d )  a t  t h e  c e n t r e  o f  th e  p l a t e .
Because o f  a e r a t i o n ,  t h e  a c t u a l  l i q u i d  h o ld  up ,  and 
hence  th e  wet p r e s s u r e  drop  i s  much l e s s  t h a n  th e  one 
c a l c u l a t e d  by th e  e q u a t i o n  2 . 2 .
~ ^w ^ow
= w e i r  h e i g h t  + c r e s t  o v e r  weir. .
On th e  o t h e r  hand t h e  agreem ent  be tw een  t h e  ob se rv ed  v a l u e s
iand t h o s e  c a l c u l a t e d  by e q u a t i o n  2 .7  ( A . I .C h .E .  r e p o r t  ) 
i s  q u i t e  good. The o b se rv e d  v a l u e s  a r e  a l i t t l e  low er  th a n  th e  
c a l c u l a t e d  o n es .  The e q u a t i o n  2 .7  w i l l  g iv e  a c o n s e r v a t i v e  
e s t i m a t e  o f  th e  wet p r e s s u r e  d ro p .
A e r a t i o n  f a c t o r .
A e r a t i o n  f a c t o r  i s  d e f i n e d  a s  t h e  r a t i o  o f  t h e  o b se rv e d  
wet p r e s s u r e  drop and t h e  c a l c u l a t e d  c l e a r  l i q u i d  d e p th  on th e  
t r a y .  The w e i r  h e i g h t  + c r e s t  over  w e i r .  Thus
(3
T)o
 ^bf"'' h j
A p  = Observed t o t a l  p r e s s u r e  d rop  i n  w a te r
A  p^= Observed  d r y  p r e s s u r e  d rop  i n  w a t e r .
h^  w e i r  h e i g h t  i n c h e s .
h  c r e s t  over  w e i r  i n c h e s  l i q u i d ,  ow ^




FIGURE V l l - 2 2
F i g u r e s  V II  -  20 and V II  -  21 show t h e  v a r i a t i o n  o f  
a e r a t i o n  f a c t o r  w i t h  t h e  l i q u i d  r a t e ,  and a i r  r a t e .  I t  
i n c r e a s e d  l i n e a r l y  w i t h  i n c r e a s e  i n  l i q u i d  r a t e  h u t  d e c r e a s e d  
l i n e a r l y  w i t h  i n c r e a s e  i n  a i r  r a t e .  Thus t h e  change i n  
a e r a t i o n  f a c t o r  i s  t h e  same i n  d i r e c t i o n  a s  i n  c a s e  o f
g
P r i n c e  h u t  i s  i n  t h e  o p p o s i t e  d i r e c t i o n  t o  t h a t  o f
M a y f ie ld  e t  a l ^ ^ .  M a y f i e ld  e t  a l ^ ^  fo u n d  t h a t  a e r a t i o n
f a c t o r  f o r  a i r - w a t e r  sy s tem  d e c r e a s e d  w i t h  i n c r e a s e  i n  l i q u i d
r a t e ,  and i n c r e a s e d  w i t h  i n c r e a s e  i n  a i r  r a t e .
The v a l u e s  o f  a e r a t io n  f a c t o r  on t h e  o th e r  han d  a r e  i n
2^good ag reem en t  w i t h  t h o s e  o b t a i n e d  by  M a y f ie ld  e t  a l  f o r  
a i r - w a t e r  sy s tem  b u t  a r e  much l e s s  i n  m ag n i tu d e  th a n  t h o s e
g
from t h e  c o r r e l a t i o n  by  P r i n c e  ,
The change i n  m a g n i tu d e  o f  t h e  a e r a t i o n  f a c t o r  was 
q u i t e  s m a l l  w i th  change  i n  a i r  r a t e  and l i q u i d  r a t e . The 
change i n  v a l u e  was o n ly  from 0 .5  t o  0 . 6 .
7b p .  O s c i l l a Vions on t h e  t r a y .
7h^  ^ O s c i l l a t i o n p o i n t .
F o r  any p a r t i c u l a r  l i q u i d  r a t e ,  as t h e  a i r  r a t e  was 
i n c r e a s e d ,  t h e  t u r b u l a n c e  on t h e  p l a t e  i n c r e a s e d ,  n  p o i n t  
was soon r e a c h e d  when f u r th e r  in c r e a s e  i n  a i r  r a t e  p ro d u ce d  
o s c i l l a t i o n s  on t h e  p l a t e .  The e n t i r e  f r o t h  and l i q u i d  
mass on t h e  p l a t e  o s c i l l a t e d  i n  a d i r e c t i o n  p e r p e n d i c u l a r  t o  
t h e  f lo w  o f  t h e  l i q u i d .  The f l o w  o f  l i q u i d  was f rom l e f t  t o  
r i g h t  w h i l e  t h e  o s c i l l a t i o n s  were s e t  up from f r o n t  to  b a c k .
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FIGURS V ll-2 3
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F u r t h e r  i n c r e a s e  i n  t h e  a i r  r a t e  i n c r e a s e d  t h e  a m p l i t u d e  o f  
t h e  w av e . P h o to g r a p h  i n  F i g u r e  V I I - 2 2  shows o s c i l l a t i o n  on t h e  
p l a t e .
The a i r  r a t e  a t  which  o s c i l l a t i o n  b e g i n s  i s  c a l l e d  t h e  
o s c i l l a t i o n  p o i n t .  I n  F i g u r e  V I I -25  t h e  o s c i l l a t i o n  i n  t e rm s  
o f  F^ (F f a c t o r  b a s e d  on p e r f o r a t e d  a r e a  o f  t h e  p l a t e )  a r e  
p l o t t e d  a g a i n s t  l i q u i d  r a t e .  Each p o i n t  r e p r e s e n t s  t h e  a i r  
r a t e  a t  which  th e  o s c i l l a t i o n  b e g a n  f o r  t h a t  p a r t i c u l a r  
l i q u i d  r a t e .  As t h e  l i q u i d  r a t e  was i n c r e a s e d ,  t h e  
o s c i l l a t i o n  p o i n t  d e c r e a s e d  l i n e a r l y  u n t i l  t h e  l i q u i d  r a t e  o f  
25 gpm was r e a c h e d .  F u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  seemed t o  
i n c r e a s e  t h e  o s c i l l a t i o n  p o i n t  a g a i n ,  t h e  change b e i n g  f a i r l y  
s h a r p .  I t  must be  e m p h a s is e d  t h a t  f o r  h i g h e r  l i q u i d  r a t e s ,  
i t  was v e r y  d i f f i c u l t  t o  d e t e r m i n e  t h e  e x a c t  p o i n t  a t  w hich  
o s c i l l a t i o n  b e g a n .
i 1M c A l l i s t e r  e t  a l  h av e  c o r r e l a t e d  o s c i l l a t i o n  p o i n t  
i n  t e rm s  o f  mass f lo w  r a t e  a g a i n s t  c l e a r  l i q u i d  h o l d  up on 
t h e  p l a t e .  The c o r r e l a t i o n  i s  a s t r a i g h t  l i n e ,  t h e  
o s c i l l a t i o n  p o i n t  d e c r e a s i n g  a s  t h e  l i q u i d  h o l d  up i n c r e a s e s .  
I n  t h e i r  c o r r e l a t i o n  t h e  o s c i l l a t i o n  p o i n t  d o e s  n o t  i n c r e a s e  
a g a i n  f o r  h i g h e r  l i q u i d  h o l d - u p s .  T here  i s  a c o n s i d e r a b l e  
s c a t t e r  o f  p o i n t s  i n  t h i s  c o r r e l a t i o n .  A l s o  t h e  maximum l i q u i d ,  
r a t e  u s e d  3000 I b s / h r / f t  o f  t h e  column a r e a  ( l e s s  t h a n  
1 0 g a l /m in )  i s  q u i t e  s m a l l .
No e x p l a n a t i o n  i s  o f f e r e d  f o r  t h e  p e c u l i a r  v a r i a t i o n  o f  
t h e  o s c i l l a t i o n  p o i n t  w i t h  l i q u i d  r a t e  fo u n d  i n  t h e  p r e s e n t
- 9 6 -
work.  More r e s u l t s  a r e  n ee d e d  b e f o r e  a n  e x p l a n a t i o n  f o r
t h i s  v e r y  complex phenomena c a n  b e  a t t e m p t e d .
As t o  t h e  n u m e r i c a l  v a l u e s  o f  o s c i l l a t i o n  p o i n t ,
11M c A l l i s t e r  e t  a l  fo u n d  t h a t  f o r  p l a t e  t h i c l m e s s  o f  i / i  6 i n c h  
o r  g r e a t e r ,  t h e  o s c i l l a t i o n  p o i n t  c o i n c i d e d  w i t h  t h e  weep 
p o i n t .  I n  t h e  p r e s e n t  w ork  t h e  p l a t e  t h i c k n e s s  i s  g r e a t e r  
t h a n  i / i  6 i n c h ,  b u t  t h e  o s c i l l a t i o n  p o i n t  was h i g h e r  t h a n  
weep p o i n t .
i 3 iUF o s s  and G e r s t e r  and P r i n c e  h av e  n o t i c e d  o s c i l l a t i o n s
a t  a g a s  h o l e  v e l o c i t y  o f  65 -70  f t / s e c . I n  t h i s  work t h e  g a s
h o l e  v e l o c i t y  c o r r e s p o n d i n g  t o  t h e  minimum o s c i l l a t i o n  p o i n t
( l i q u i d  r a t e  25 gpm) was 6 ^ . 6  f t / s e c . Thus t h e  ag reem en t
b e tw e e n  t h e  v a l u e s  q u o te d  i n  l i t e r a t u r e  and v a l u e  fo u n d  i n  t h i ;
work i s  v e r y  good .
D u r in g  t h e  p r e l i m i n a r y  q u a l i t a t i v e  w ork ,  i t  was n o t i c e d
t h a t  o s c i l l a t i o n s  on t h e  b o t to m  p l a t e  c a n  be  s e t  up by
a r t i f i c i a l l y  m a l d i s t r i b u t i n g  t h e  a i r  i n  t h e  w ind  box
im m e d ia t e l y  b e f o r e  i t .  I t  a p p e a r e d  a l s o  t h a t  i n c r e a s e  i n
v i s c o s i t y  and d e c r e a s e  i n  s u r f a c e  t e n s i o n  seem t o  i n c r e a s e
t h e  o s c i l l a t i o n  p o i n t .
T h ere  i s  no i n f o r m a t i o n  i n  t h e  l i t e r a t u r e  a s  t o  t h e
o r i g i n  o f  t h e  o s c i l l a t i o n s .  As y e t  i t  h a s  n o t  b e e n  p o s s i b l e
t o  p r e d i c t  u n d e r  what  c o n d i t i o n s  t h e  o s c i l l a t i o n s  would b e
i n i t i a t e d .  From t h i s  work  i t  a p p e a r s  t h a t  l i q u i d  r a t e .
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v a p o u r  d i s t r i b u t i o n  and p h y s i c a l  p r o p e r t i e s  o f  t h e  sy s tem  
a r e  some o f  t h e  v a r i a b l e s  w h ich  d e t e r m i n e  whun th e  p u l s a t i o n  
v/ould b e g i n .  Beyond t h i s  no p r e d i c t i o n s  o r  e x p l a n a t i o n s  a r e  
o f f e r e d ,
Tbc 2 F re q u e n c y  o f  O s c i l l a t i o n .
F re q u e n c y  o f  o s c i l l a t i o n  was fo u n d  t o  b e  r e g u l a r  and 
r e p r o d u c i b l e .
1 2M c A l l i s t e r  and P l a n k  h a v e  d e v e lo p e d  t h e  f o l l o w i n g
e q u a t i o n  f o r  t h e  f r e q u e n c y
2 rrf  = K h  /  f l   E q u a t i o n  2 . 5
h  V
I t s  d e r i v a t i o n  i s  g i v e n  on p ag e  19.
S i n c e  K, C , 1^ and  v^ a r e  c o n s t a n t ,  f  ( f r e q u e n c y )
s h o u ld  i n c r e a s e  w i t h  i n c r e a s e  i n  F^ ( l i q u i d  F f a c t o r  b a s e d  
on l i q u i d  h o l d - u p )  and s h o u l d  d e c r e a s e  w i t h  F^ ( v a p o u r  F 
f a c t o r  b a s e d  on a c t i v e  t r a y  a r e a ) „ I n  t h e  p r e s e n t  work ,  
i n c r e a s e  i n  F^ p r o d u c e d  a s l i g h t  d e c r e a s e  i n ^ f ' b u t  
i n c r e a s e  i n  F^ seemed t o  d e c r e a s e ' f ' r a t h e r  t h a n  i n c r e a s e  t h e  
f .  Hov/ever c h a n g e s  i n ' f ' f o r  a l l  t h e  l i q u i d  r a t e s  ( 10 - 6 0 g a l /m in ,  
a i r  r a t e s  ( 3 5 0 -4 0 0  c u . f t / m i n )  a r e  v e r y  s m a l l .  F r e q u e n c i e s  
c h a rg e d  o n ly  f rom  1 .2 6 5  c y c l e s / s e c o n d  t o  1 .3 5 0  c y c l e s / s e c o n d .
—98—
8 o Summary and Concl u s i o n s .
I t  was o b v io u s  f rom  t h e  l i t e r a t u r e  s u r v e y  t h a t  t h e r e  was 
a g l a r i n g  gap  i n  t h e  b u b b l e - c a p  and s i e v e  t r a y  t e c h n o l o g y  w i t h  
r e g a r d  t o  q u a n t i t a t i v e  p r e d i c t i o n  o f  f r o t h i n g  on t h e  t r a y  and  i n  
t h e  downcomer.  Q u i t e  a p a r t  f rom  i t s  a f f e c t  on t r a n s f e r  a r e a ,  
kno w led g e  o f  f r o t h i n g  i s  o f  i m p o r t a n c e  i n  d i c i d i n g  d e s i g n  .. 
f e a t u r e s  su c h  a s  t r a y  s p a c i n g  and downcomer s i z e .  P r e s e n t  
m e thods  o f  downcomer d e s i g n  a r e  e s s e n t i a l l y  e m p i r i c a l  and 
i n c i d e n c e  o f  f r o t h i n g  i s  c a t e r e d  f o r  by  t h e  i n c l u s i o n  o f  a 
l a r g e  f a c t o r  o f  s a f e t y .
An a p p a r a t u s  was t h e r e f o r  c o n s t r u c t e d  w h ich  c o n s i s t e d  o f  2 -  
t r a y  s i e v e  p l a t e  column 1 f t  w ide  x  3 f t  l o n g .  L i q u i d  r a t e ,  up 
t o  3000 g a l / h r .  and  g a s  r a t e  up t o  1l|00 f t - ^ /m in  w ere  p o s s i b l e .
A s p e c i a l  f e a t u r e  o f  t h e  d e s i g n  was t h a t  t h e  downcomers w ere  
e x t e r n a l  and  t r a n s p a r e n t  and h e n c e  t h e  v i s u a l  o b s e r v a t i o n s  
c o u ld  b e  made.  A ’b e l l ^  a r r a n g e m e n t  was c o n s t r u c t e d  t o  
m easu re  t h e  q u a n t i t y  o f  v a p o u r  d r a g g e d  down t o  t h e  p l a t e  
b e lo w  by  t h e  l i q u i d .
The i n v e s t i g a t i o n  was p r i n c i p a l l y  c o n c e r n e d  w i t h  t h e  
downcomer and  was l i m i t e d  t o  t h e  s tu d y  o f  f l u i d  dynam ics  
o f  p e r f o r a t e d  p l a t e s .  No d i s t i l l a t i o n  o r  mass  t r a n s f e r  
s t u d i e s  w ere  made. Mass t r a n s f e r  h a s  a l a r g e  e f f e c t  on what  
h a p p e n s  on t h e  p l a t e ,  b u t  i n  t h e  downcomer t h e  mass t r a n s f e r  i s  
v e r y  much l e s s  and h e n c e  t h e  c o n c l u s i o n s  on t h e  downcomers 
s h o u ld  b e  a p p l i c a b l e  t o  t h e  d i s t i l l i n g  s y s t e m s .
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R e s u l t s  on t h e  t r a y ,  how ever  w i l l  h a v e  a c o n s i d e r a b l e  
l i m i t a t i o n  b e c a u s e  o f  a b s e n c e  o f  mass  t r a n s f e r .
Main v a r i a b l e s  i n v e s t i g a t e d  w ere  (1 )  l i q u i d  r a t e  
( 2 ) A i r  r a t e  ( 3 ) S u r f a c e  t e n s i o n  ( 4 )  Downcomer s i z e .
R e s u l t s  and c o n c l u s i o n  a r e  sum m arised  b e lo w .
Downcomer Sj,
F r o t h  h e i g h t  i n c r e a s e s  w i t h  l i q u i d  r a t e ,  r e a c h e s  a 
maximum and t h e n  d e c r e a s e s  a g a i n .  A e r a t i o n  f a c t o r  
c o r r e s p o n d i n g l y  d e c r e a s e s  a t  f i r s t ,  r e a c h e s  minimum and 
t h e n  i n c r e a s e s  a g a i n .
H igh  f r o t h  h e i g h t s  a r e  o b t a i n e d  a t  low  l i q u i d  r a t e s .  
C o n t r a r y  t o  t h e  v i e w s  o f  B o l l e s  and  o t h e r s ,  t h e  column does  
n o t  f l o o d  when t h e  f r o t h  h e i g h t  r e a c h e s  t h e  to p  o f  t h e  w e i r .  
F u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  d o e s  n o t  c a u s e  t h e  l i q u i d  
t o  b a k e  up f rom  one p l a t e  t o  a n o t h e r  b u t  i t  d e c r e a s e s  t h e  
f r o t h  h e i g h t  r a p i d l y .  Hence t h e  recommended l i m i t a t i o n  on 
t h e  h e i g h t  o f  c l e a r  l i q u i d  t o  b e  l e s s  t h a n  50 /  o f  t h e  
do^wnflow h e i g h t  seems u n n e c e s s a r i l y  h i g h .
A t  h i g h  l i q u i d  r a t e s ,  l i q u i d  s h o o t s  o v e r  t h e  w e i r ,  h i t s  
t h e  o p p o s i t e  w a l l ,  and  t e n d s  t o  c l o s e  t h e  mouth o f  t h e  
downcomer, t h e r e b y  b l o c k i n g  t h e  p a t h  o f  t h e  d i s e n g a g e d  
v a p o u r .  P r e s s u r e  t h e r e f o r e  b u i l d s  up i n  t h e  downcomer.
Maximum b u i l d  up o f  p r e s s u r e  o f  2 i n c h e s  o f  w a t e r  was o b s e r v e d  
T h i s  p r e s s u r e  h e l p s  t o  overcome p a r t  o f  t h e  t r a y  p r e s s u r e  
d r o p .  Due t o  t h i s  b u i l d  up o f  p r e s s u r e  a e r a t i o n  f a c t o r s  
g r e a t e r  t h a n  u n i t y  a r e  p o s s i b l e .
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At h i g h  r a t e s ,  l i q u i d  d r a g s  some o f  t h e  a i r  dow/n t o  t h e  
p l a t e  belowo T h i s  q u a n t i t y  o f  a i r  d r a g g e d  down o r  t h e  c a r r y  
u n d e r  o f  a i r  by  l i q u i d ,  was m e a s u re d  a c c u r a t e l y  and fou n d  t o  
b e  v e r y  s m a l l ,  f o r  g l y c e r i n e  w a t e r .
The maximum c a r r y  u n d e r  o f  a i r  f o r  t h e  s m a l l e s t  s i z e  o f  t h e  
downcomer, was l e s s  t h a n  1 /  o f  t h e  t o t a l  a i r  f l o w .  However,  
a d d i t i o n  o f  t h e  s u r f a c e  a c t i v e  compound
i n c r e a s e s  t h e  f r o t h i n g  and  t h e  q u a n t i t y  o f  a i r  d r a g g e d  down 
b y  t h e  l i q u i d  up t o  a d d i t i o n  o f  1 and 1 /2  gm o f  sodium l a u r y l  
s u l p h a t e  ( i n  5 and 1 / 2  c u . f t  o f  g l y c e r i n e - w a t e r  s o l u t i o n ) .
The c a r r y - u n d e r  o f  a i r  was l e s s  t h a n  2 and 1/2%, F u r t h e r  
a d d i t i o n  o f  sodium  l a u r y l  s u l p h a t e  i n c r e a s e d  t h e  c a r r y - u n d e r  
and  w i t h  10 and 1 / 2  gms o f  sodium l a u r y l  s u l p h a t e  t h e  f r o t h  
h a d  become f a i r l y  s t a b l e  ( foam) and  t h e  c a r r y - u n d e r  was v e r y  
c o n s i d e r a b l e .  I t  was o b v io u s  t h a t  t h e  column w ould  n o t  f u n c t i o n  
u n d e r  t h o s e  c o n d i t i o n s .
S i n c e  t h e  c a r r y - u n d e r  o f  a i r  b y  l i q u i d  a t  a v e r y  low 
r e s i d e n c e  t im e  o f  2 s e c o n d s  and  a h i g h  v e l o c i t y  o f  0 , 9  f t / s e c  
i s  so s m a l l ,  i t  a p p e a r s  t h a t  t h e  recommended minimum r e s i d e n c e  
t im e  o f  5 s e c o n d s  i s  t o o  h i g h ,  and t h e  maximum v e l o c i t y  o f  
0 , 3  f t / s e c ,  i s  t o o  l o w , .
R e s i d e n c e  t im e  b a s e d  on t h e  t o t a l  downflow volum e i s  n o t  
t h e  t r u e  r e s i d e n c e  t i m e .  I t  s h o u l d  b e  b a s e d  on t h e  e s t i m a t e d  
f r o t h  volume i n  t h e  downcomers .  S i n c e  t h i s  i s  n o t  p o s s i b l e ,
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i t  s h o u l d  b e  b a s e d  on t h e  volume o f  c l e a r  l i q u i d  i n  t h e  
downcomerSo S in c e  f r o t h  volume w i l l  b e  h i g h e r ,  t h i s  w ou ld  
g i v e  a c o n s e r v a t i v e  e s t i m a t e .
V e l o c i t y  o f  l i a u i d  i n  t h e  downcomer o f f e r s  a b e t t e r  
p a r a m e t e r  t h a n  r e s i d e n c e  t im e  f o r  t h e  c a l c u l a t i o n  o f  
downcomer c r o s s - s e c t i o n a l  a r e a .  More d a t a  a r e  n e e d e d  b e f o r e  
a s a f e  v e l o c i t y  c a n  b e  p r e d i c t e d .
I n  p e r f o r a t e d  p l a t e s ,  w i t h  n o rm a l  c a lm i n g  s e c t i o n ,  t h e  
l i q u i d  o v e r  t h e  w e i r  i s  l i k e l y  t o  b e  i n  an  a e r a t e d  s t a t e  
and  h e n c e  t h e  l i q u i d  th ro w  o v e r  w i l l  b e  g r e a t e r  t h a n  t h e  one 
c a l c u l a t e d  by t h e  e q u a t i o n  3<*6,
I n  t h e  l i t e r a t u r e  i t  i s  recommended t h a t  l i q u i d  th ro w  
o v e r  s h o u l d  b e  l i m i t e d  t o  0 , 6  t i m e s  t h e  downcomer w i d t h .  The 
column f u n c t i o n e d  q u i t e  s a t i s f a c t o r i l y  f o r  a l i q u i d  th ro w  o v e r  
o f  t h r e e  t i m e s  t h e  p e r m i s s i b l e  v a l u e .  The c a r r y - u n d e r  o f  a i r  
was v e r y  s m a l l .  H en ce ,  t h i s  l i m i t a t i o n  on l i q u i d  th ro w  o v e r  i s  
q u i t e  u n n e c e s s a r y .
Round ing  t h e  edge  o f  t h e  w e i r  d e c r e a s e s  t h e  l i q u i d  
th ro w  o v e r .  However ,  s i n c e  i t  i s  n o t  n e c e s s a r y  t o  l i m i t  t h e  
l i q u i d  th ro w  o v e r ,  t h e r e  i s  no a d v a n t a g e  i n  u s i n g  t h e  ro u n d  
ed g ed  w e i r .
Use o f  a  w i r e  mesh b a f f l e ,  p l a c e d  j u s t  b e f o r e  t h e  w e i r ,  
w ou ld  p r e v e n t  t h e  f r o t h  e n t e r i n g  t h e  downcomer and  a l s o  
d e c r e a s e  s u r g i n g  and s p l a s h i n g  o v e r  t h e  o u t l e t  w e i r .  A t  t h e  
same t im e  i t  i n c r e a s e s  t h e  f r o t h  h e i g h t  on t h e  p l a t e  and
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t h e  t r a y  p r e s s u r e  d r o p  c o n s i d e r a b l y , S i n c e  c a r r y - u n d e r  
o f  v a p o u r  by  l i q u i d  i s  s m a l l ,  and  s i n c e  t h e  column 
d o e s  n o t  f l o o d  when t h e  downcomer becom es f u l l  o f  f r o t h ,  
t h e r e  i s  no a d v a n t a g e  i n  p r e v e n t i n g  t h e  f r o t h  g o i n g  i n t o  
t h e  downcomer b y  means o f  a w i r e  mesh b a f f l e .
T ra y  o
F r o t h  h e i g h t  i n c r e a s e s  w i t h  i n c r e a s e  i n  l i q u i d  r a t e ,  
a i r  r a t e  and  a d d i t i o n  o f  s u r f a c e  a c t i v e  compound* The 
o b s e r v e d  v a l u e s  o f  f r o t h  h e i g h t  a r e  h i g h e r  t h a n  t h o s e  
c a l c u l a t e d  f rom t h e  e q u a t i o n  2 . 6 ,
T ra y  s p a c i n g  s h o u ld  b e  d e c i d e d  by  t h e  e s t i m a t e d  f r o t h  
h e i g h t  on t h e  p l a t e  and  m e c h a n i c a l  f a c t o r s  s u c h  a s  manways 
e t c  o
The o b s e r v e d  v a l u e s  o f  l i q u i d  h o l d  up a t  t h e  c e n t r e  
o f  t h e  t r a y  a g r e e  w e l l  w i t h  t h o s e  c a l c u l a t e d  f rom  t h e  
e q u a t i o n  2 . 7 »
The o b s e r v e d  v a l u e s  o f  wet p r e s s u r e  d ro p  a l s o  a g r e e  
w e l l  w i t h  t h o s e  c a l c u l a t e d  from  t h e  e q u a t i o n  2o7<>
The v a l u e s  o f  w et  p r e s s u r e  d ro p  c a l c u l a t e d  i n  t e r m s  o f  w e i r  
h e i g h t  and c r e s t  o v e r  w e i r  a r e  much h i g h e r  t h a n  t h e  
o b s e r v e d  v a l u e s . E q u a t i o n  2 . 7  ap jpears  t o  b e  q u i t e  
s a t i s f a c t o r y  f o r  t h e  e s t i m a t i o n  o f  w et  p r e s s u r e  d r o p .  
O b se rv ed  v a l u e s  o f  d r y  p r e s s u r e  d ro p  w ere  h i g h e r  
t h a n  t h o s e  c a l c u l a t e d  f rom  t h e  e q u a t i o n  2 . 8 ,  However,  
t h e  d i f f e r e n c e  i n  m a g n i tu d e  i s  q u i t e  s m a l l .
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Changes  i n  a e r a t i o n  f a c t o r  w i t h  c h a n g e s  i n  l i q u i d  
r a t e  and a i r  r a t e  a r e  q u i t e  s m a l l  ( 0 . 5  t o  0 . 6 ) .  The
v a l u e s  i n  m a g n i tu d e  a g r e e  w e l l  w i t h  t h o s e  o f  M a y f i e l d
25 8e t  a l  o They a r e  lo w e r  t h a n  t h o s e  o f  P r i n c e  .
L i q u i d  r a t e ,  d i s t r i b u t i o n  o f  a i r ,  and p h y s i c a l  
p r o p e r t i e s  o f  t h e  s y s tem  a r e  among t h e  v a r i a b l e s  t h a t  
d e t e r m i n e  when t h e  o s c i l l a t i o n s  w ou ld  b e g i n  on t h e  p l a t e .  
The l o w e s t  g a s  h o l e  v e l o c i t y  a t  w h ich  t h e  o s c i l l a t i o n  
b e g a n  was 61|.8 f t / s e c . The f r e q u e n c y  o f  t h e  o s c i l l a t i o n  
was n e a r l y  c o n s t a n t  f o r  a l l  t h e  l i q u i d  r a t e s  and t h e  a i r  
r a t e s  u s e d .
S i n c e  t h e  work was done i n  a b s e n c e  o f  mass t r a n s f e r ,  
t h e  r e s u l t s  on t h e  t r a y  w ould  h a v e  c o n s i d e r a b l e  
l i m i t a t i o n s .  However i t  d o e s  n o t  seem u n r e a s o n a b l e  t o  
assume t h a t  i f  a p l a t e  b e h a v e s  s a t i s f a c t o r i l y  
h y d r a u l i c a l l y , i t  s h o u l d  h a v e  r e a s o n a b l e  e f f i c i e n c y .
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9« N o m e n c l a t u r e o
= A re a  i n  C i c a l e s e  e q u a t i o n  s q . f t .
= A^ o r  A^^ w h ich  e v e r  i s  s m a l l e r .
A^ = Column C r o s s - s e c t i o n a l  a r e a  a v a i l a b l e  f o r  v a p o u r  f lo w  
s q . f t .  (A^ -  A^
A^ = Downcomer a r e a  s q . f t .
A^^ = Downcomer c r o s s - s e c t i o n a l  a r e a  s q . f t .
A = T o t a l  h o l e  a r e a  s q . f t .  o ^
A^ = T o t a l  column a r e a  s q . f t .
= c o n v e r s i o n  f a c t o r ,  3 2 . 2 .  
h^  = h e i g h t  o f  c l e a r  l i q u i d  b u i l d  up i n  t h e  dow ncoÿer^^^
h^ = c l e a r  l i q u i d  h e i g h t  on t r a y ( h ^ +  h ^ ^ )  i n c h e s / l i q u i d  
h^  = T o t a l  p r e s s u r e  d ro p  t h r o u g h  l i q u i d  i n c h e s  l i q u i d ,  
h ^  = W eir  h e i g h t  i n c h e s
h ^ ^  = l i q u i d  h e i g h t  o v e r  w e i r ,  i n c h e s  l i q u i d
h ^  = D i s t a n c e  o f  l i q u i d  ffctee f a l l  i n  downcomer 
m e a su re d  f rom  w e i r ,  i n c h e s .
= R a t i o  o f  l i q u i d  t o  g a s  f l o w  by  w e ig h t  
L y  g = R a t i o  o f  l i q u i d  t o  g a s  f lo w  by  vo lum e
= W eir  l e n g t h  i n  i n c h e s .
Q = L i q u i d  r a t e  gpm
S = T ra y  s p a c i n g  i n c h e s
= V apour  v e l o c i t y  t h r o u g h  h o l e s ,  f t . / s e c .
= v e l o c i t y  o f  l i q u i d  o v e r  w e i r  f t / s e c .
Wjj = l i q u i d  th ro w  o v e r  w e i r ,  i n c h e s .
= Downcomer w i d t h ,  i n c h e s
-1 C5
W-j^  = s p e c i f i c  g r a v i t y  o f  l i q u i d
= F r o t h  h e i g h t  on t h e  p l a t e ,  i n c h e s .
Z = c l e a r  l i q u i d  h o l d  up on t h e  t r a y ,  i n c h e s .
F = u p ^ " ^
= v e l o c i t y  x ( d e n s i t y )
= c U o f t  / se c  ( s q . f t )  x  ( I b s / c u . f t .
F^ = F f a c t o r  f o r  v a p o u r  b a s e d  on t h e  p e r f o r a t e d
a r e a  o f  t h e  t r a y ,  c u . f t / ^  s e c ) ( s q . f t . )  o f
0 6p e r f o r a t e d  t r a y  a r e a  x p
Fp = F F a c t o r  b a s e d  on t h e  a r e a  b e t w e e n  t h e  i n l e t
downcomer and o u t l e t  w e i r
c u . f t / ( s e c )  ( s q . f t )  o f  a r e a  b e tw e e n  downcomer
0 5and o u t l e t  w e i r  x  p 
p^ = d e n s i t y  o f  v a p o u r  l b s / c u . f t .
p^ = d e n s i t y  o f  l i q u i d  l b s / c u . f t .
(3 = A e r a t i o n  f a c t o r
A  p = O b s e rv e d  t o t a l  p r e s s u r e  d ro p  i n c h e s / w a t e r .
A>p = O b s e rv e d  p r e s s u r e  d r o p  . i n c h e s / w a t e r .
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10o L i s t  o f  t h e  e q u a t i o n ^
h. = + h^  + h ^
h 1 ^ ^ow










I 2 .98L  
0 . 0 3
W  I .. 2
100AP
2 . 1




= 0 .7 3  w + 3 . 2 l|P + O.O8 I4L -----
=  0 . 1 9 W  -  O.65F + 0 . 0 2 1 -  + 1 . 6 5  
= 12 ( &  ) ( 1 . 1 4 )  )
PL
o .U  ( 1 . 2 5  -  f o
A_
2h




2 .6  
2 . 7
= m 2 
h
a p p r o x 2.10
_ A Pa b 2.12
^a -
/ \ P -
S Wr
O 2.12




1) OTLLIAM Lo BOLLESi P e t r o l e u m  P r o c e s s i n g ,  F e b . ,  M a r . , 
A p r i l g and  May 1956 ,
2) CHEN-JUNG HUANG and JOHN P. H0D80N; P e t r o l e u m  R e f i n e r ,
V o l .  3 7 ,  F e b . ,  1958 p .  10l|.
3) CICALESE J , J ,  e t  a l , ,  P e t r o l e u m  R e f i n e r ,  26 ,  May 495
( 1 9 4 7 ) .
4) KIRKBRIDE C,G, P e t r o l e u m  R e f i n e r ,  23 ,  321 S e p t , ,
(1944)o
5) DAVIES JoA. P e t r o l e u m  R e f i n e r ,  Aug, 1950,
6) LEIBSON, I ,  KELLEY, R ,E ,  , and BULLINGTON, L .A ,  , 
P e t r o l e u m  R e f i n e r ,  3 6 ,  N o .2 ,  127 ( 1 9 5 7 ) •
7) HUGHMARK, G.A, and  O'CONNEL, H . E , ,
C h e m ic a l  E n g i n e e r i n g  P r o g r e s s  127-M, March 1957
8) DAVIES, J . A ,  P e t r o l e u m  R e f i n e r  S e p t , , 1950 ,
9) SCHUTT, H„C, P e t r o l e u m  R e f i n e r  p ,  93 (249)  J u l y  1945
1 0) PLANK, C , A , , P h .D .  t h e s i s ,  N, C a r o l i n a  S t a t e  C o l l e g e ,  
R a l e i g h  (1957)
11) McAllister, R.A,,^P,H. McGinns, J n r , ,  and C.A.P.ANK, 
C h e m ic a l  E n g i n e e r i n g  S c i e n c e  9 ,  25 (1958)
12) R , A . M c A l l i s t e r  and  C,A,PLANK,
A m er ic an  I n s t i t u t e  o f  C hem ica l  E n g i n e e r i n g  J o u r n a l  
p ag e  282 S e p te m b e r  1958 ,
13) A .S ,  FOSS and J , A .  GERSTER,
C h e m ic a l  E n g i n e e r i n g  P r o g r e s s  p a g e  28- J a n u a r y  1956
m )  RoGoH,  PR IN C E ,
I n t e r n a t i o n a l  Symposium on d i s t i l l a t i o n  I 9 6 0 ,  page  177
15) HEATH, W .R . ,  and  W,R, ELLIOT,
J o u r n a l  o f  A p p l i e d  M e ch an ic s  1 3 ,  A-291 (1946)
16) E.G.RICHARDSON,, ^ 'T e c h n ic a l  A s p e c t s  o f  Sound^’.
V ol  1 ,  p ag e  1 3 ,  E l s e v i e r  P u b l i s h i n g  C o . ,
New Y ork  1953°
1 7 ) A m e r ic a n  I n s t i t u t e  o f  C h em ica l  E n g i n e e r s .
T r a y  E f f i c i e n c i e s  i n  d i s t i l l a t i o n  co lu m n s .
F i n a l  R e p o r t ,  U n i v e r s i t y  o f  D e la w a r e ,
Decem ber  1 ,  ( 1 9 5 8 ) ,
- 1 0 8 -
(1 8 )  E le m e n t s  o f  F r a c t i o n a l  d i s t i l l a t i o n  
Book by  ROBINSON and  GILLILAND
(19)  ZUIDERl/TEG, F . J . ,  and  HARMENS, A,
C h e m ic a l  E n g in e e r in g  S c i e n c e  V o l , 9»
8 9 ,  ( 1 9 5 8 ) .
( 2 0 ) HUTCHINSON, M.H, , BURON, A , G , , and  MILLER, B .P .  
Am erican I n s t i t u t e  o f  C hem ica l  E n g in e e r s .
R e g i o n a l  m eetin g  May 19^1-9°
( 2 1 ) CHARLES, d^AlTCONA, HUNT, D,N, HARRISON, C.R,MLKE. 
Am, I  o Chem.E, I r ,  p g ,  441 December 1953°
( 2 2 ) ARNOLD, DoSo, PLANK, C,A, , and SCHOENBORN, G ,M ., 
C h e m ic a l  E n g i n e e r i n g  P r o g r e s s .  4 8 ,  o33 (1952)
( 2 3 ) mYFIELD, F . D . ,  CHURCH, W.L. J n r , ,  GREEN, A , C , ,  
LEE, DoC,,  and RASMUSSEN, R .W ,,
I n d u s t r i a l  E n g in e e r in g  C h e m i s t r y ,  4 4 ,  2238 ( 1 9 5 2 ) ,
( 2 4 ) SoPoS, ANDREW, I n t e r n a t i o n a l  symposium on 
d i s t i l l a t i o n  I 9 6 O p ag e  73 .
( 2 5 ) J , J o  BIKSRMANo Book: Foams; T h eo ry  and I n d u s t r i a l  
a p p l i c a t i o n .  R e i n h o l d  P u b l i s h i n g  C o r p o r a t i o n ,
( 2 6 ) BOHR, P ro c e e d i n g s .  Roy, S co , A,  8 4 ,  395 ( 1 9 1 0)
- 109-
